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INTRODUCTION 
I. THE PFiOBLEM 
The modern h ieh  school  has t h e  r e s p o n s i b i l i t y  o f  
o f f e r i n g  t h r e e  l e v e l s  of sc ience  education: (1) The t r a d i -  
t i o n a l  academic sc ience  courses  f o r  t h e  development o f  pro- 
f e s s i o n a l  s c i e n t i s t s ;  ( 2 )  The t e c h n i c a l  sc ience  of fered  i n  
t r a d e  and vocat ional  f i e l d s  t o  develop sc ience  t echn ic ians  
and mechanics; ( 3 )  s c i e n c e  courses  designed t o  develop in -  , 
I 
t e l l i g e n t  , p r a c t i c a l ,  s c i e n t i  fic-minded c i t i z e n s ,  
With r e fe rence  t o  t h e  t h i r d  type of course,  t h e r e  
seems to  be a need f o r  t h e  inc lus ion  i n  t h e  h i &  school cur- 
r iculum of  an a d d i t i o n a l  sc ience  course,  This course could 
be t ~ u g h t  w i t h  t h e  goal  of teaching  non-college prepara tory  
e tudents  b a s i c  s c i e n t i f i c  p r i n c i p l e s  t h a t  govern sources of  
s c i e n t i f i c  devices  necessary f o r  t h e  cont inuat ion  of our  high 
s tandard of  l i v i n g ,  
A physica l  sc i ence  course geared t o  t h e  needs and 
a b i l i t i e s  of  non-college bound s tuden t s  would make a v a i l a b l e  
a source o f  p r a c t i c a l  a c i c n t i f i c  p r i n c i p l e s .  many s tuden t s  
h ~ v a  n e i t h e r  the  i n t e r e s t  o r  the  a b i l i t y  t o  success fu l ly  
meat t h e  requiremants of h ieh  echo01 physics  ~ n d  chemistry, 
These s tudent6 a r e ,  however, r equ imd t o  take one y e w  of 
s c i e n c e  f o r  high school graduat ion.  An a l t e r n a t e  sc ience ,  
phys ica l  sc i ence ,  would enable  t h e s e  s tudents  t o  p r o f i t a b l y  
meet t h i s  requirement, 
Purpose of t h e  s tudy,  The purpose of  t h e  s tudy w a s  
t o  prepare  d i r e c t i o n s  f o r  nKey Teacher D e m o n s t r a t l o n s ~ o r  
a high school  phys ica l  sc i ence  c l a s s .  A t o t a l  o f  thir ty- two 
demonstrations were Included,  four  for each of t h e  e i g h t  
u n i t s  of t h e  course. 
11. THE PIlYSICAL SCIENCE COIRSE 
I n  assuming t h e  educat ional  r e s p o n s i b i l i t y  f o r  t h e  
community, the  pub l i c  high school has t h e  job of educat ing 
n e a r l y  a l l  t h e  youth. The high school owes t h e  b e s t  edu- 
c a t i o n  i t  can g ive  t o  those  s tuden t s  having high s c h o l a s t i c  
a b i l i t y .  This  aame I n s t i t u t i o n  owes the  b e s t  educat ion 
 veila able t o  s tuden t s  having l e s s  academic a b i l i t y .  This 
p o u ?  o f t e n  becomes t h e  v ic t im of t h e  curriculum d i r e c t e d  
more s p e c i f i c a l l y  t o  t h e  higher-achieving group. Their  
f u t u r e  succese i n  the f a c t o r y ,  t h e  s t o r e ,  the  business  
o f f i c e ,  t h e  s e r v i c e  Job, on t h e  farm, and In t h e  home, de- 
pends on t h e  development o f  R curriculum which meets t h e i r  
s p e c i f i c  needs. 1 
Seoondary school sc ience  IR, t h e r e f o r e ,  concerned 
.L 
E. P. W i g e r ,  P h y s i c ~ l  Science and Fuman V ~ l u e s ,  
(Pr ince ton:  Princeton l1niverslty b a s s , ~ r ~ r  
p r i m a r i l y  w i t h  t h e  genera l  educat ion o f  a l l  young people,  
inc lud ing  those  who do n o t  go t o  c o l l e g e ,  as w e l l  as t hose  
who do, College p repara to ry  courses  should be considered 
i n  their proper pe r spec t ive  i n  r e l a t i o n  t o  t h e  t o t a l  cur- 
r iculum, For t h i s  reason,  t h e r e  i s  a r e a l  need f o r  t h e  
Inc lus ion  of  a high school  phys ica l  sc ience  course d i rec ted  
toward t h e  non-college bound s tudent .  1 
Modern phys ica l  sc i ence  i s  a course  f o r  t h e  genera l  
educat ion o f  s tuden t s  who r e q u i r e  a course  t h a t  i s  simple 
and i n t e r e s t i n g ,  bu t  which gives them some knowledge of  t h e  
p r a c t i c a l  a s p e c t  o f  science.' The recen t  change i n  the 
course content  of high school  phys ics  from t h e  t r a d i t i o n a l  
nmechanicsn approach t o  t h e  Phys ica l  Science Study Com- 
m i t t e a '  a mtheoryn approach has made I t  i n c r e a s i n g l y  d l f f  l c u l t  
f o r  t h e  below average s t u d e n t  t o  have even moderate success  
i n  t h i s  subjec t .  A course should be o f fe red  t h o s e  s tuden t s  
t h ~ t  inc ludes  only t h e  b m e s t  minimum of  theory which i s  es- 
sent181 t o  an understanding of  sc ience  as organized knowl- 
edgee3 Students  i n  t h i s  category o f t e n  hare  only t h e  mln- 
imum amount of rnathem~tics  f o r  graduation. T h i s  fact should 
'5. S. Richardson and G. P. Cahoon, Methods - and 
Mater ia ls  f o r  Teaching Qeneral  and P h y s i o ~ l  Sc ience ,  (New 
Pork: ~ c d r a w  H m  Book Co., lS.rdc p. 16, 
'~llllsro F3rooks and George h a c h e y ,  Modern Physical  
Sc ience ,  (New York: Holt and Company, 1959),g.v, 
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b e  considered as a course o f  s tudy i s  developed, 
I n  developing a course of  s tudy,  s p e c i f i c  ob jec t ives  1 
should be considered, A s  a t eacher  o f  high school physics 
and chemistry f o r  t h e  p a s t  n i n e  years, t h i s  writer haa 
developed an i n c r e a s i n g  awareness o f  t h e  need f o r  phys ica l  
sc i ence  courses ,  T h i s  i n t e r e s t  has  prompted t h e  development 
of  a course of s tudy t h a t  inc ludes  t h e  fol lowing ob jec t ives  
of t h e  t each ing  o f  phys ica l  science:  
OBJECTIVES OF PHYSICAL SCIENCE 
1. To develop a knowledge o f  c e r t a i n  elementary laws 
! 
and g e n e r a l i z a t i o n s  i n  t h e  f i e l d  of  sc ience  h e l p f u l  I , 
i n  understanding mant s environment. 
2. To develop an understanding and a b i l i t y  to  apply 
t h e  s c i e n t i f i c  method i n  t h e  s o l u t i o n  o f  problem, 
3. To develop an understanding o f  sc ience  equipment and 
a b i l i t y  t o  u s e  It. 
4, To a p p r e c i a t e  the con t r ibu t ions  of  sc ience  and 
s c i e n t i s t s  to c i v i l i z a t i o n .  
5 .  To provide t r a i n i n g  which w i l l  enable p u p i l s  to  
become d i sc r imina t ing  consumers, 
6, Ta develop t h e  ~ r b i l l t y  t o  read, unserstand and use  
an accurnte  and appropr ia t e  s c i e n t i f i c  vocabulary 
i n  w r i t t e n  and o r a l  expression. 
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7. To deve lop  an o b j e c t i v e  a t t i t u d e  toward i d e a s  and 
s o c i a l  problems t h a t  c o n t r i b u t e  t o  human welfare. 
8. To unders tand and practice t h e  conserva t ion  o f  
n a t u r a l  r e sou rces .  
9. To h e l p  t he  p u p i l  e s t a b l i s h  v o c a t i o n a l  and avo- 
c a t i o n a l  i n t e r e s t s  through h i s  knowledge o f  sc ience .  
These ob  j e c t l v e s  may be reached through t h e  t each ing  
o f  e i g h t  u n i t s  t h a t  are most o f t e n  included i n  h igh  school  
p h y s i c a l  s c i e n c e  t e x t  books. These u n i t s  are: 
1. The Atmosphere 
2. Water and Its U s e  
3. Sound 
4. The Sources  and Con t ro l  o f  Heat  
5. Our U s e  and C o n t r o l  of L igh t  
6. E l e c t r i c i t y  ~ n d  N ~ g n e t l s m  
7. ?'he P l a c e  Our F a r t h  O c c u ~ i e s  Among t h e  Heavenly 
Bodies 
A. Weather 
I THE USE OF DE?!ONSTFiATIONS I N  TEACHING 
MIGH SCYOOL PFYSICAL SCIENCZ 
Thqre is a place--and u s u a l l y  it i s  a neg lec t ed  p lace- -  
f o r  t e a c h e r  d e m o ? z s t r ~ t i o n s  i n  t h e  t e a c h i n g  o f  s c i ence .  1 
Verb81 d e s c r i p t i o n s  o f  scientific phenomen~ and s ts tenrents  
o f  a c l e n t i f i c  p r i n c l ? l e s  need t o  hp supported by r e a l i s t i c  
.L 
R. W i l l  Wlrnett., T s ~ o h i n ~ r ;  Science the S e c o n d ~ r y  
School ,  ( N e w  York: R i n e h ~ r t  C o w p n y ,  1?>1), p, lo?. 
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exper iences ,  If t h e  s t u d e n t  i s  t o  grasp the f u l l  impact 
o f  t h e  s c i e n t i f i c  l ea rn ings ,  
Pup i l s  vary widely i n  t h e i r  a b i l i t y  t o  r ead ,  t o  
comprehend what they  have read ,  and t o  v i s u a l i z e  and r e c a l l  
t h i s  m a t e r i a l  when necessary,  Those s tuden t s  s tudying 
phys ica l  sc i ence  have a v a r i e t y  o f  backgrounds, as w e l l  as 
g r e a t  v a r i a t i o n s  I n  t h e i r  a b i l i t i e s  t o  grasp new ideas,  
The most immediate problem i s  t h a t  of  reading, Teachers can 
assist t h e  poor reader  by provid ing  ample oppor tuni ty  for t h e  
l e a r n e r  t o  observe and p a r t i c i p a t e  i n  well-chosen teacher  
demonstrations.  The v i s u a l  approach i s  almost a necess i ty ,  
i f  t he  poor r eader  i s  t o  ga in  much from science.  
The t eacher  has a mature understanding of t h e  goal 
t h a t  he wiehes t o  reach,  and a l s o  he has the  experience o f  
manipulating t h e  s c i e n t i f i c  equipment s o  t h a t  t h e  s tuden t s  
f e e l  eecuro in  t h e  conclusions drawn.' An experienced 
teeoher  can p o i n t  out  and e m h a s i z e  important p o i n t s  and 
i n t e r p r e t  ~ n d  explain o t h e r s  as t h e  demonstration progresses ,  
In an age when t h e r e  are so  many a reas  t o  be taught  
wi th in  a g i v e n  span of t ime, a teacher  must be very s e l e c t i v e  
o f  t h e  m a t e r i a l  presented t o  h i s  s tudents .  A t e ~ c h e r  must 
datermine the  m o ~ t  important l ea rn ings  t o  p resen t  snd then 
'R. W i l l  Burnet t ,  ten chin^ Science i n  t h e  Secandarr 
School,  (New York: Rinehar t  an6 Comp~ny,  1051) , g. 200. 
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s e l e c t  t h e  teaching method b e s t  su i t ed  f o r  t h i s  presentat ion.  
The classroom demonstration i s  a technique o f t en  employed. 
Like most o the r  e f f e c t i v e  techniques o r  procedures i n  
sc ience  teaching---educational f i l m s  , l abora tory  work, d i r e c t  
s tudy,  d i scuss ion  demonstrations may be used f o r  a va r i e ty  
o f  purposes. These purposes would include: (1) motivation, 
( 2 )  explanat ion of a p r i n c i p l e  o r  i t s  app l ica t ion ,  ( 3 )  pre- 
view of  a u n i t  of work, (4) provis ions  f o r  ind iv idua l  s t u -  
d e n t s t  needs o r  i n t e r e s t s ,  ( 5 )  example o f  a s k i l l  o r  tech- 
nique, (6 )  review of  a u n i t  o r  area of l ea rn ing ,  ( 7 )  eval- 
ua t i on  of a s t u d e n t ' s  understanding. 1 
I V . PROCEDURE 
There a r e  many sources of teacher  demons t r e t i o n s  
ava i lab le .  These would include: suggestions from t h e  t e x t  
book c u r r e n t l y  being used, as wel l  as o ther  associa ted  t e x t  
books; sc ience  teacher journela;  and the r epo r t s  concerning 
the  success of o ther  sc ience  teachers. Locating appropr ia te  
demonstrations f o r  each p a r t i c u l a r  l ea rn ing  obJecstive o f t en  
proves t o  be a d i f f  i o u l t ,  time-consuming process. It is f o r  
t h i s  reason t h a t  t h e  demonstrstione In t h i s  refiource booklet 
h ~ v e  been c ~ r e f u l l y  se lec ted  and screened as those  which w i l l  
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ef f e c t l o e l y  augment t h e  fundamental s c i e n t i f i c  p r i n c i p l e s  
concerning t h e  eight u n i t s  mentioned above. These dem- 
o n s t r a t i o n s  were s e l e c t e d  on t h e  basis o f  t h e i r  a b i l i t y  
t o  f u l f i l l  t h e  followine; t each ing  ob j e c t i v e s  : 
1. S e t  up a problem. 
2. I l l u s t r a t e  a po in t ,  
3. Help s o l v e  a problem, 
4. Review a u n i t ,  
5. Serve as a climax of a unit, '  
Also used as a guide  f o r  cons ide ra t ion  of  demon- 
s t r a t i o n s  are cr i te r ia  f o r  a good t e a c h e r  demonstrat ion,  
which, according  t o  John Richardson, would inc lude:  
1. The demonstrat ion should be t r i e d  prevlouslp.  
2. The purpose of  t h e  demonstration i s  c l e a r ,  
3. The d a m o n s t r ~ t l o n  1~ v i s i b l e  to a l l  ~ t u d e n t s ,  
4. The a m a r s t u e  used Is as s i m ~ l e  as poss ib le .  
5 .  The demonstration f u l f i l l s  t h e  t e a c h i n s  objective 
des i red .  2 
The demonstrs t ions in t h i s  r e p o r t  are d i v i d e d  I n t o  
a i e h t  ~ R J o ~  d i v i s i o n s ,  e ~ c h  d i v i s i o n  r e p r e s e n t i n g  an i m -  
1
Walter A. C o l l e t t a ,  Teaching Today's S e c o n d a r ~  
Schools ,  (Roeton: Allyn and Becon, Inc., 1Q59) ,  ?. 123, 
L 
John Richardson, Methods - and E a t s r i ~ l s  - for Teachinq 
Genere1 and P h y ~ i c a l  Soience,  ( N e w  York: McGraw-Hill Book 
CO. ,  ~ n c Y ~ ? f i l ) ,  D. 16. 
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p o r t a n t  u n i t  included i n  a phys ica l  sc i ence  course. Four 
key demonstrat ions a r e  included t o  i l l u s t r a t e  s p e c i f i c  
s c i e n t i f i c  p r i n c i p l e s  concerning t h e s e  major d i v i s i o n s ,  
Each demonstration is  broken down i n t o  f i v e  smal l e r  ~ u b -  
d i v i s i o n s .  These sub-divis ions are: (1) Object ive;  ( 2 )  
Mate r i a l ;  ( 3 )  Method; (4)  Observation; (5)  Conclusion, 
This  sub-divis ion o f  i n d i v i d u a l  demonstration inc reases  the 
c l a r i t y  o f  p r e s e n t a t i o n ,  
The demonstrat ions end the  sub-dlvSslons o f  t h e  den- 
o u s t r a t i o n s  have evolved as a r e s u l t  o f  trial and e r r o r ,  
s e l e c t i n g  and r e J e c t l n g ,  adapt lng  and modifying d u r i n g  n i n e  
yea r s  of t each ing  chemistry and phys ics  by t h e  w r i t e r ,  
V, ORGAVIZATION CF THE FIELD REPORT' 
Thia resource  booklet  i s  divided i n t o  e i g h t  u n i t s .  
These unl  t s  encompass a r e a s  of everyday experiences t h a t  
can be understood through a knowledge of b a s i c  s c i e n t i f i c  
p r i n c i p l e s .  T h i s  knowledge w i l l  provide a s t u d e n t  a more 
s e c u r e  p o s i t i o n  i n  t h e  world about him, and w i l l  i n c r e a s e  
h i 8  I n t e r e s t  i n  h i s  own r e s p o n s i b i l i t i e s  t o  t h a t  world. The 
u n i t s  t o  be oovered a r e :  
1. The Atmosphere 
2. Water and i t s  Uses 
3. Sound 
4. The Souroes and Control of Heat 
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5. Our Use and Control of Light 
6, Elec t r i c i  t y  and Magnetism 
7, The Place Our E a r t h  Occupies Among t h e  Heavenly 
Bodies 
8, Weather 
The body of the  r e p o r t  w i l l  c ons i s t  of four  demon- 
s t r a t i o n s  f o r  each of  t h e  e igh t  un i t s .  Each demonstration 
w i l l  include: 
1. The obJect ives  of  t h e  demonstration. 
2, The mater ia ls  needed f o r  t h e  demonstration, 
3, The method o f  present ing  t he  demonstration, 
4, The observat ions s tudents  would most l i k e l y  be 
a b l e  t o  make. 
5. The conolusions o r  genera l iza t ions  t h a t  should be 
developed through d i ~ c u s s i o n  of t h e  demonstration, 
A 
THE DEMONSTRATIONS 
The demonstrations presented i n  t h i s  chapter  a r e  
arranged under e i g h t  sub-divialons--the sub-div is ions  of  the  
physical s c i e n c e  course. There are four  demonstrations under 
each sub-divlalon. 
These sub-divis ions are: 
1, The Atmosphere 
2. Water and i t s  Uses 
4. The Sources and Control o f  Heat 
5. Our Use and Control  of Light  
6, E l e c t r l o l t y  and Hagnetism 
7. The Place Our Ear th  Occupies Among t he  Heavmly 
Bodies 
8, Weather 
I. THE ATMOSPHERf3 
We l i v e  a t  the  bottom of  a great ,  unbounded ocean, 
t h e  atmosphere. It surrounds the  more s o l i d  p a r t s  of the 
earth, t h e  land and water ,  but it  1s J u s t  as t r u l y  a part 
o f  t h e  earth as they are .  When we a r e  n o t  moving, and when 
no winds blow, w e  a r e  hardly conscious of i t s  exis tenoe,  
However, i t  i s  a l l  about us ,  pmduoing remarkable e f f e c t s .  
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The atmosphere i s  a mixture o f  gasee. Nitrogen 
make6 up almost  f o u r - f i f t h s  of t h e  atmosphere, and oxygen 
a l i t t l e  more than one-f i f th .  There a r e  also small quan- 
t i t i e s  of  o t h e r  gases ,  Including argon, neon, helium, 
kryptoh,  xenon, carbon d ioxide ,  hydrogen and ozone, which 
i s  a form of oxygen. We a l s o  f ind a v a r i a b l e  amount o f  
water  vapor t h a t  hzs evaporated from t h e  ocesns,  lakes  and 
r i v e r s  i n t o  the  atmosnhere. The e a r t h  holds a l l  t h e s e  gases 
t o  I t  by t h e  p u l l  of  i t s  g r a v i t a t i o n a l  a t t r a c t i o n ;  otherwise 
they  would d r i f t  o f f  i n t o  space, 
The purpose of t h e  demonstrations f o r  t h i s  u n i t  i s  
t o  develop understandings concerning the f a c t  t h a t  a i r  has 
w e i a t ,  t h ~ . t  air  has p ressu re ,  t h e  laws governing the  com- 
~ r e s ~ i b l l i t y  ~ n d  e x p a n s i b i l i t y  of a i r ,  and t h e  behavior of  
a i r  i n  motlon. 
De rnon~ t r a t l on :  A i r  Has Weight 
Object ive,  To demonstrate t h a t  a i r  has weight. 
M R ~ P I - ~ P ~ P ,  Yerd stick with a o n e - e t e t h  inch hol- 
d r i l l d  through t h e  s m ~ l l e s t  dimension, 18Vro rn  t h e  end; 
t o y  bal loon;  R p i e c e  o f  number eiphteen wi re ;  four f e e t  of 
otrinp;;  R c ross  bar  t o  use as a support .  A d r ~ u i n g  of t h i s  
n p p p r ~ t u s  i s  ahown on the  next  pRge, 
Method. T i e  a s t r i n g  from a c ro s s  bar, T i e  t h e  yard 
s t i c k  t o  t h e  s t r l n g  through one-eighth inch hole. T i e  unin- 
flated bal loon loose ly  t o  a small p i e c e  of s t r i n g  loca ted  a t  
one end of  t h e  yard s t i c k .  P lace  a number eighteen w i r e  i n  
t h e  form of a loop over  t h e  oppoei te  end of  t h e  yard s t l o k  
and move as w rider a long the  yard s t i c k  u n t i l  i t  comes t o  
balance, Now remove the  bal loon,  being c a r e f u l  n o t  t o  move 
t h e  pos i t i on  of  t h e  a t t a c h i n g  s t r l n g  on t h e  yard stick, A 
atudent  a a a l s t a n t  should be ava i l ab l e  a t  t h i s  time t o  hold 
t h e  yalca a t l o k  l eva1  ao t h a t  t h e  counter-balanolng r i d o r  w i l l  
n o t  move from i t a  po in t  of  balanoe. I n f l a t e  t h e  toy balloon 
and f aa t en  it secure ly  t o  at tached s t r i n g ,  
Observation. The a i d e  of the homemade beam balance 
on t h e  bal loon a ida  w i l l  d rop  two o r  t h r ee  inches. 
The conolusion o r  p;enerallzations that should be de- 
velope8 thmu* dissuasion, A i r  ha8 wbight, A t  sea l e v e l ,  
one oubio f o o t  of  air weighs 1,25 ounces, and one aublc yard 
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weighs a l i t t l e  more than  two pounds. The a i r  i n  a school 
room t h i r t y  f e e t  long and twenty-four f e e t  wide, with a I 
four teen  f o o t  cell.ing, weight n e a r l y  800 pounds. 
A i r  i s  t h e  popular standard f o r  comparing weights o f  
o t h e r  gases .  Giving a i r  as t h e  s tandard weight of one, o f t e n  
c a l l e d  s p e c i f i c  g r a v i t y ,  gases l i g h t e r  than sir would have 
a s p e c i f i c  g r a v i t y  o f  less than one, gases heavier  t h ~ n  a i r  
would have a s p e c i f i c  g r a v i t y  g r e a t e r  than one. Severa l  
gases  are l e s s  dense than a i r ,  inc lud ing  n i t rogen ,  ammonia 
and oarbon monoxide, bu t  many gases =e considerably denser  
than a i r ,  such as carbon dioxide.  
A follow-up an t h i s  demonstration would inc lude  t h e  
u s e  of  o t h e r  gases  i n  t h e  bsbloon and compare t h e  change i n  
b ~ l ~ n c e  t o  determine i f  they w e i m  more o r  l e s s  than a i r .  
Demon~tr9tIon:  Compressibi l i ty  and Expans ib i l i ty  o f  A i r  
Objective,  To show t h a t  a i r  can be co~ress&!,  s ~ d  
t h a t  ~ i r  w i l l  expand. 
Mater is l s ,  Pap b o t t l e ;  p l a s s  tubine ;  rubber tubing;  
ho le  s topper ;  water vacuum pump; b e l l  Jer; s e n l i n g  uex; t o y  
bnlloon. 
Method, P e r t  I. Secure a l ~ r p e ,  nmrow-necked 
b o t t l e  such RP one i n  which soda wste r  ccmes. P l ~ c e  a one- 
h o l e   topper In the  b o t t l e .  Twough the  s topper  $ut s ten  
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cen t ime te r  l eng th  of glass tube which has been drawn t o  a 
J e t  on t h e  o u t s i d e  end. With a s h o r t  length  of  rubber tube  
a t t a c h  a l eng th  of glass t u b e  t h a t  w i l l  extend nea r ly  t o  t h e  
bottom of  t h e  b o t t l e .  F i l l  t h e  b o t t l e  about half f u l l  of 
water.  I n s e r t  t h e  s topper  f i rmly  and hold i t  i n  wi th  your 
f inge r s .  Next, blow hard i n t o  t h e  b o t t l e ;  and when you 
'1  r e l e a s e  t h e  p ressu re ,  p o i n t  t h e  b o t t l e  away from you, 
Part 11, Place  a very small amount o f  a i r  i n  a toy  
ba l loon and p l a c e  uhder a bel l  jar and remove t h e  a i r  t h a t  
surrounds t h e  balloon. A s  t h e  a i r  i s  removed from t h e  b e l l  
jar, p r e s s u r e  on t h e  o u t s i d e  of t h e  ba l loon i s  being reduced. 
The gas i n s i d e  expands and inc reases  t h e  volumg o f  t h e  bal- 
loon d e c i d d l y .  If sir l s  thsn  l e t  back i n t o  t h e  b e l l  jar, 
t h e  bal loon w i l l  sh r ink  t o  i t s  former s ize .  
Observation, Part I. A s  air Is blown i n t o  t h e  
bottle, bubbles of a i r  pass  through t h e  water ,  and, added 
t o  t h e  a i r  t h a t  i s  a l r eady  i n  t h e  b o t t l e ,  causes compres- 
Rian of t h e  air .  When p ressu re  i s  removed from t h e  tube,  
t h i a  compressed air  pushes on t h e  wster  and f o r c e s  it, w i t h  
much p ressure ,  o u t  o f  t h e  J e t ,  
P a r t  11. The bal loon under reduced e x t e r n a l  p ressu re  
I n c r e ~ s d  in s i z e .  With t h e  r e t u r n  of normal atmospheric 
.l 
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p r e s s u r e ,  t h e  balloon re turned  t o  i t s  normal s i z e ,  thus 
showing t h a t  a i r  can expand and con t rac t .  
Conclusions 2 Genera l iza t ions  t h a t  should be 
-
developed through discussion.  A i r  can be compressed o r  
expanded. The p r e s s u r e  o f  t h i s  a i r  oon t ro l s  t h e  s i z e  of 
bal loons.  Pneumatic appl iances  use  d i f f e r e n c e s  i n  air 
p r e s s u r e  f o r  t h e i r  operat ion.  A l i s t  o f  pneumatic ap- 
p l i ances  would include:  t h e  pneumatic b icyc le  and auto- 
mobile t i r e ;  f o r c e  water  pump (which insures  a s teady stream 
o f  w a t e r ) ;  t h e  door check which prevents  slamming; t h e  o rd i -  
nary b icyc le  t i r e  compression pump; air  tanks used t o  opera te  
the  aqua-lungs o f  s k i n  d ive r s .  
D e m o n ~ t r ~ t i o n :  A i r  Exer ts  Pressure  
Objectiv*, To demonstrate t h a t  a i r  has pressure ,  
Materiala,  A can t h a t  has a t i g h t l y  f i t t i n g  cover 
o r  an  opening w i t h  a screw cap; r i n g  s tand;  bunsen burner;  
matches, a l a r g e  con ta ine r  of cold water (This con ta ine r  
should be p r e f e r r a b l y  made of g l a s s  so  t h a t  s tuden t s  could 
s e e ) ;  a b icyc le  pump w i t h  some kind of weight holder  a t -  
tached t o  t h e  handle; weights;  c ross  bar; a g l ~ s s  tube 
(closed a t  one end and st l e ~ s t  31 inches l o n g ) ;  a pound 
o f  mercury; a small glass o r  beaker; a meter s t i c k .  
Method, P a r t  I. Place  a small amount o f  water i n  
t h e  can. Stand i t  on t h e  r i n g  stand and hea t  wi th  t h e  
cover removed u n t i l  t h e  water  b o i l s  vigorously.  While t h e  
b o i l i n g  i s  stil .1 i n  p rogress ,  c l o s e  t h e  v e s s e l  t i g h t l y ,  
quickly  p l a c e  it i n  t h e  con ta ine r  of cold water t o  condense 
t h e  steam within.  Outside a i r  pressure does t h e  rest .  
Actual ly ,  t h e  can may be cooled b y  merely al lowing it t o  
s tand f o r  a f e w  minutes, o r  by  pouring a small amount of 
water  on i t ,  o r  by p lao ing  a damp c l o t h  around t h e  can, 
PaPt 11. A b i c y c l e  pump wi th  t h e  washers reversed 
on t h e  p i s t o n  can be used t o  measure atmospheric pres-  
sure.  The a r e a  of c r o s s  sec t ion  o f  t h e  pump b a r r e l  
can be ca loula ted  o r  measured wi th  squared paper, 
The p r e s s u r e  of t h e  a i r  can then  be ca lcu la ted  i n  
pounds p e r  square inoh, The weight supported by t h e  
up th rus t  o f  atmospheric p ressu re  i s  found by hanging 
v m i o u s  loads  from 8 hook, screwed i n t o  a wooden p lug  
f i t t e d  I n t o  t h e  pump hand1e.l 
P a r t  111, Fill t h e  31 inch g l a s s  tube t h a t  Is 
closed a t  one end with mercury, and with your f i n g e r  placed 
over  t h e  open end ,  i n v e r t  t h e  opening i n t o  a g l a s s  t h ~ t  I s  
p a r t l y  filled with mercury. Remove your f i n g e r  and n o t i c e  
t h a t  t h e  mercury drops i n  t h e  tube a l i t t l e  and then s t o p s  
a t  about 29 inches above t h e  level of the  mercury i n  t h e  
g l a s s  diuh,  
Obaervation, P a r t  I. A i r  p r e s s u r e  col lapsed  t h e  
A Ib id  0 ,  p. 27. 
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can. P a r t  11, It took about four teen  pounds of  weight 
p e r  square inch t o  p u l l  down t h e  p i s t o n  of t h e  a i r  pump. 
P a r t  111. A d i f f e r e n c e  of  29 inches o f  mercury i s  shown 
i n  t h e  homemade barometer, 
Conclusions or p e n e r a l i z a t i o n s  - t h a t  shou.ld & 
developed through discussion.  The ex i s t ence  o f  atmosyheric 
p r e s s u r e  can be shown by removing t h e  a i r  from one s i d e  of 
an exposed sur face .  A i r  p ressu re  e x e r t s  a fo rce  upon a l l  
su r faces  In a l l  d. i rect ions.  Pneumatic appl iances use  d i f -  
fe rences  i n  a i r  p ressu re  f o r  t h e i r  opera t ion .  A i r  p ressu re  
a t  sea l e v e l  e x e r t s  a f o r c e  of 14,7 pounds pe r  square  Inch, 
A i r  always t r i e s  t o  move from an area of  high p ressu re  t o  an 
area of low pressure.  Thus It may do work, Atmospheric 
p ressu re  a t  sea l e v e l  w i l l  support  a column of  mercury 30 
inches high, A i r  has pressure  because it h a s  w e i g h t ,  
A l t i tude  can be determined by  measuring a i r  pressure.  A i r  
p ressu re  i s  measured t o  predl c t  w e ~ t h e r ,  
Demonstration: A i r  i n  Action 
Objective,  To provide i l l u s t r a t i o n s  o f  Ekrnoull i  I s  
p r i n c i p l e ,  thus  e n ~ b l l n s  tudents  t o  urlderwtand t h e  f o r c e  
t h s t  k ~ a p ~  Rn a i r p l a n e   loft. 
F ~ t e r i a l ~ .  Venturi  meter; wooden spool; strsiL@t 
p i n ;  FI 8 m l l  s q u ~ r e  of  psper  2" x 2" ;  R s t r i p  of  peFer 1" 
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x 5" ; a penci l ;  two ping pong b a l l s ;  two pieces of thread 
th ree  f e e t  long; crosfi arm support; soda straw. 
Method. Pa r t  I. Place colored water i n  t h e  ma- 
nometer of the  Venttlri tube. Raise t h e  tube t o  mouth l e v e l  
and blow through the  tube,  not ing the  l eve l  of t h e  l lquld  
i n  t h e  manometer tube. As a po in t  of explanation before 
continuing the remainder of the  demonstration, t he  in-  
s t r u c t o r  should develop Bernoul l i l s  pr inciple ;  This ex- 
p lanat ion should be developed around Newtont s laws of motion. 
Simply s t a t e d ,  s ince  t h e  air I s  accelerated when i t  enters  
t 
1 
t h e  narrow sec t ion  of t h e  Venturi tube, the re  must be a 
fo rce  t h a t  makes i t  move f a s t e r .  That  force  can be due 
i 
t 
only t o  t h e  pressure d i f fe rence  between the  wider p a r t  of 1 1 
t he  tube and the  narrower p a r t  of the tube. Thus, i n  the 
n m o w e r  p a r t  of  t h e  tube t h e  pressure Is lower because 
t h i s  pressure has  been aonverted i n t o  the  higher veloci ty  
(k lne t io  energy). 
P ~ r t  11. Hang two ping pone b a l l s ,  t o  which a three 
foo t  placa of a t r i n g  ha6 been glued, from the arm support,  
~ b o u t  one inch apar t .  With a soda straw, d i r e c t  a steady 
stream of e l r  between the  two be l l s .  The harder t h e  a i r  i s  
blown, the  be t te r .  
20 
Observation.  P a r t  I. The l e v e l  o f  t h e  colored wate r  
I n  t h e  ma~omete r  s e c t i o n  which connec ts  t o  t h e  nar rowes t  
p a r t  o f  t h e  Ventur l  t u b e  r i s e s .  S i n c e  t h e  a i r  i s  accel- 
e r a t e d  when it e n t e r s  t h e  narrow s e c t i o n  t h e r e  i s  a, f o r c e  
t h a t  make it move faster. That  f o r c e  i s  due  t o  t h e  pres- 
s u r e  d i f f e r e n c e  between t h e  wider  p e r t  o f  t h e  t u b e  and t h e  
narrower  part  of  t h e  tube.  I n  t h e  narrower pa r t  o f  t h e  
t u b e  t h e  pre f i sure  Is lower beceuse t h i s  p r e s s u r e  has been 
conver ted i n t o  h i g h e r  v e l o c i t y  ( k i n e t i c  energy) ,  
P a r t  11. Blowing makes t h e  pager  c l i n g  t o  t h e  spool. 
The exp lana t ion  i s  t h a t  between t h e  card  and t h e  f l a t  top o f  
the spoo l  t h e  a i r  i s  moving r a p i d l y  outward, w h i l e  t h e  a i r  
i n  c o n t a c t  w i t h  t h e  o u t e r  s u r f ~ c e  o f  t h e  card i s  a t  r e s t .  
This r e s u l t s  In a f o r c e  h o l d i n p  t h e  cs rd  snd  pool toge ther .  
The preEsure  of  t h e  a i r  molecules h a s  been converted I n t o  
k i n e t i c  e n a r m .  
Psrt TIT. Blowinp a c r o s s  t h e  s t r i p  of  paper cEuses 
t h e  napPr t o  move ilnward, t h u s  i l l u s t r a t i n g  l ift ,  The 
molecules o f  a i r  on t h e  tor, s l d e  of t h e  pa-r a r e  moved 
Across t h e  u m e r  s u r f a c e  b e f o r e  they  have an o p p o r t u n i t y  
t o  c o l l i d e  w i t h  t h i s  su r fnce .  The molecules on t h e  lower 
~ u r f ~ c e  ere s t a t i o n a r y ,  o r  a t  l e ~ s t  h e y  a r e  moving more 
s lowly  t h ~ n  t h o s e  on t h e  upper s u r f a c e ,  t hus  g l v i n ~  t h e  
m o l s c u l ~ s  an oppor tun i ty  t o  c o l l i d e  w i th  t h e  lower s u r f ~ c e ,  
T h i s  unbalance o f  molecular f o r c e  causes a p ressu re  on t h e  
lower su r face ,  considered as an upward t h r u s t ,  
P a r t  I V .  As a i r  i s  b l o m  between the  p i n g  pong 
balls, the  balls come t o g e t h e r ,  r a t h e r  than being blown 
a p a r t .  T h i s  is  a l s o  due t o  an unbalanced molecular foroa, 
The conclusion o r  8;eneral izat ions t h a t  should be - - 
developed through discussion.  Air pressure  exerted per- 
pendicular  t o  t h e  d i r e c t i o n  i n  which a i r  is  flowing de- 
c reases  as the  speed of t h e  a i r  inc reases ,  thus  producing 
lift on t h e  a i r  p lane  wing. Simply stated, f a s t  moving air 
" 
has  lass p ressure  than slow moving air, 
11. WATER AND ITS USES t i 
Next t o  a ir ,  water Is t h e  most n e c e a s a q  part of  our  
envlronmmt. Without water  we could l i v e  a b u t  four  days,  
after uaing up t h a t  supply which t h e  body n a t u r a l l y  c a r r i e s .  
We have learned from h i e t o r y  t h a t  r i v e r s  and o t h e r  bodies 
of water were ins t rumenta l  i n  t h e  development of  c i v i l i z a -  
t ion ,  Adequate supp l i e s  of  c lean,  pure water i s  necessary 
f o r  the  cont inuat ion  of our  present  standard of l i v i n g .  
Thie vary year ,  P res iden t  Kennedy has indica ted  t h e  neoes- 
s i t y  f o r  developing new aouroes of  water f o r  our  commni t ias  
i f  we hope t o  oontinue t h i s  standard of l i v i n g ,  
It i s  of vital importance t h a t  s tuden t s  underatand 
- 
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t h e  need and problems assoc l s t ed  w i t h  t h e  consemat ion  of  
water, one of our  most important resources.  Some charac- 
t e r i s t i c s  of water t h a t  should be developed i n  a consumer 
t y p e  phys iaa l  sc ience  course are: the composition of water; 
wa te r  p ressu re ;  a d e f i n i t i o n  of "harda water and an under- 
s t and ing  of how it can be softened; and t h e  buoyancy of  
water ,  
Demonstration: The Composition of Water 
O b ~ e o t l v e .  To show how an e l e c t r i c  c u r r e n t  may be 
used t o  s e p a r a t e  t he  two gases which make up w a t e r ,  
Materials, A six v o l t  s to rage  b a t t e r y ,  or EI r e c t i -  r 
f i a r  with an output of s i x  v o l t s ;  two l a r g e  test tubes;  
t h r e e  1 S n  l eng ths  of e ighteen  gauge l n ~ u l a t e d  copper wire;  
a k n i f e  awitch f o r  opening and o los lng  the  c i r c u i t ;  two 
platinum e lec t rodes  o r  two carbon e l e o t m d e s  made f r o m  the 
carbon p o l e s  found i n  s small dry o e l l  b a t t e r y ;  a small 
q u a n t i t y  of d i l u t e  s u l f u r i c  ac id ;  d i s t i l l e d  water ;  and a 
shallow d i s h .  
Method. The t e s t  tubes should be f i l l e d  wi th  water 
and inver ted  i n  t h e  shallow d i s h  conta in ing  water.  Set t h e  
platinum terminals  i n  eaoh test tube which i s  then  proper ly  
supported by t h e  r i n g  atand and olamp, Connect t h e  e l ec t rodes  
wi th  the  s t o r a g e  b a t t e r y  W i t h  a k n i f e  switch i n s e r t e d  i n  t h e  
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c i r c u i t .  Add a small amount of e l e c t r o l y t e ,  s u l f u r i c  ac id ,  
t o  t h e  water i n  t h e  shallow d i sh ,  and you are ready f o r  ob- 
s e r v a t i o n  of your demonstration. Close t h e  c i r c u i t ,  and 
watch t h e  t e s t  tubes wi th  care. 
Observation. Small bubbles of  gas are formed on t h e  
e l e c t r o d e s  and r i s e  t o  t h e  t o p  of t h e  tube,  thus  d i s p l a c i n g  
water  from t h e  t e s t  tubes. The quan t i ty  of  gas from t h e  
n e g a t i v e  e l e c t r o d e  c o l l e c t s  twice as fast as on t h e  p o s i t i v e  
t 
pole. Now t e s t  t h e  tube  wi th  t h e  smal l e s t  amount o f  c o l l e c t e d  
gas wi th  a glowing wood s p l i n t .  The s p l i n t  b u r s t s  i n t o  flame, 
r 
i 
i n d i c a t i n g  t h e  presence of oxygen. Tes t  the  o t h e r  tube con- 
t a i n i n g  t h e  l a r g e s t  amount o f  gas wi th  a burning s p l i n t .  
r 
) The gae burs t a  I n t o  flame, i n d i c a t i n g  t h e  presence of  hy- I 
I 
drogen. 
The conclusions or penera l i za t ions  t h a t  should 
-
developed t h r o u ~ h  diecusaion. Water can be decomposed by 
pass ing  d l r e o t  cu r ren t  through it. The decomposed water 
forms two gsssae ,  hydrogen and oxygen. The r a t i o  of  t h e  
two gaseea w i l l  be two p a r t s  hydrogen t o  one p a r t  oxygen, 
Thin i s  t h e  reason t h a t  water i s  g l v e n  t h e  chemical formula 
of H20, S u l f u r i c  ac id  l a  u ~ e d  as t h e  e l e c t r o l y t e  because 
pure  water w i l l  n o t  conduot e l e o t r i c i t y .  Hydrogen ions  come 
from t h e  s u l f u r i c  acid.  A t  t h e  p o s i t i v e  e l eo t rode ,  t h e  
s u l f i t s  i o n  and a water moleoula combine with t h e  l o s s  of 
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e l e c t r o n s  t o  produce oxygen and ano the r  s u l f u r i c  a c i d  
moleoule. Thus t h e r e  i s  no l o s s  I n  s u l f u r i c  a c i d ,  and t h e  
n e t  r e s u l t  i s  t h a t  a molecule o f  wa te r  i s  used and hydrogen 
and oxygen are produced. 
Demonstrat ion:  Water P r e s s u r e  
ObJect ive .  To show how water  p r e s s u r e  i s  r e l a t e d  t o  
t h e  dep th  o f  t h e  water. 
Materials. A manometer t u b e  mounted on a w h i t e  ca rd  
and c o n t a i n i n g  a colored s o l u t i o n  (potass ium permanganate) ; 
P 
a large glass b a t t e r y  jar n e a r l y  f i l l e d  w i t h  water; a t h r e e  
f o o t  l e n g t h  o f  rubber  t ub ing ;  a s h o r t  t h i s t l e  t u b e  wi th  a 
I 
piece of  a toy bal loon  s t r e t c h e d  a c r o s s  t h e  mouth t o  a c t  as 1 
a d i a n h r a p ;  a t a l l  f ru i t  julCe can wi th  f i v e  h o l e s  t h e  size 
of a small n a i l  a t  two inch  i n t e r v a l s  up the s i d e  o f  t h e  can; 
match s t l c k a .  
Fathod. Connect one end o f  t h e  rubber t u b i n g  t o  t h e  
manometer and t h e  o t h e r  end t o  t h e  t h i s t l e  tube. Adjust  the 
level o f  t h e  l i q u i d  i n  t h e  manometer. With your thumb, app ly  
prafisure t o  t h e  rubber  diaphragm and n o t e  t h e  change i n  the 
p o s i t i o n  o f  t h e  l i q u i d  I n  t h e  manometer. Nan lower t h e  
t h i s t l e  t u b e  i n  the b a t t e r y  jar, n o t i n g  t h e  p o s i t i o n  of t h e  
l i q u i d  i n  t h e  manometer ~s t h e  t h i a t l e  t ube  i s  pushed more 
d e e p l y  i n t o  t h e  l i q u i d .  Next, turn t h e  t h i s t l e  t u b e  i n  a l l  
d i r a c t i o n e  i n  t h e  wate r  t a k i n g  s p e o i a l  o a r s  to keep t h e  c e n t e r  
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of  t h e  diaphragm at  t h e  same dep th  w h i l e  making t h e s e  d i r e c t i o n  
changes (up ,  down, s ideways) ,  With s h o r t  p i e c e s  o f  match 
s t i c k s  p lugging  t h e  h o l e s  i n  t h e  h o l e s  i n  t h e  f r u i t  J u i c e  can,  
f i l l  t h e  can wi th  water.  Hold t h e  can ove r  t h e  s i n k ,  With 
t h e  h e l p  of  a s t u d e n t ,  p u l l  a l l  t h e  match s t i c k s  from t h e  h o l e s  
s imul taneous ly ,  
Observation.  A8 t h e  diaphragm on t h e  t h i s t l e  tube  Is 
forced  more deep ly  i n t o  t h e  water ,  t h e  l i q u i d  i n  t h e  manometer 
1. 
i s  pushed h ighe r  i n  t h e  tube,  i n d i c a t i n g  an i n c r e a s e  o f  water 
p r e s s u r e ,  A s  t h e  diaphragm is  placed i n  d i f f e r e n t  p o s i t i o n s  
? ( u p s i d e  down, r i g h t  s i d e  up and sideways) t h e r e  i s  no a p p a r e n t  
change i n  t h e  manometer reading.  With t h e  removal o f  t h e  match 
r 
I 
s t i c k s  from t h e  small h o l e s  i n  t h e  can comes a surge o f  water .  
The water  from t h e  bottom h o l e  is  forced o u t  w i t h  a greater 
farce then *om t h e  o t h e r  openings. The h o l e  a t  t h e  t o p  h a s  
o n l y  a t r i c k l e  o f  wate r  coming through,  w i t h  each descend- 
i n g  h o l e  hav ing  an increased  rate o f  flow, 
Conclrision or p n e r a l i z a t l o n  & developed t h r o u ~ h  
d i e c u s s i o n ,  Wster prefiRure i n c r e a s e s  w i th  i nc reased  depth.  
A t  any given dep th ,  t h e  p r e s s u r e  i s  e q u a l  i n  a11 d i r e c t i o n s ,  
D a m o n s t r ~ t i o n :  Hard and S o f t  Water 
Oblec t ive ,  To determine what i s  meant by nharC.and 
m80f t"  water, 
Materials, 1 0  t e s t  tubes ;  one glass tube  6" long;  
d i s t i l l e d  wa te r ;  lime wa te r ;  soap s o l u t i o n ;  tap water; 
calc ium s u l f a t e ;  sodium carbonate  (washing soda ) ,  
Method. To a t e s t  tube  one-half f u l l  o f  d i s t i l l e d  
w a t e r ,  add fou r  d rops  o f  soap so lu t ion .  Repeat, u s i n g  t a p  
water. Compare t h e  amount of suds formed on each o f  t h e  
samples of water .  Blow exhaled air i n t o  a tes t  t u b e  t h r e e -  
f o u r t h s  f u l l  of lime water.  Continue t h i s  bubbl ing  a c t i o n  
I n t o  t h e  l l m e  water  u n t i l  t h e  wh i t e  p r e c i p i t a t e  t h a t  forms 
d i sappea r s .  The carbon d i o x i d e  from your b r e a t h  causes  a 
chemical  r e a c t i o n ,  changing t h e  calc ium hydroxide i n  t h e  
lime w a t e r  t o  calcium b ica rbona te ,  a subs tance  o f t e n  found 
i n  a t y p e  o f  wa te r  c a l l e d  temporary hard water, 
If t h e  s o l u t i o n  1s n o t  o l e a r ,  f i l t e r  it, M v i d e  t h i s  
temporary hard wata r  and add fou r  d rops  o f  soap. Shake 
r l ~ o r o u s l y ,  You w i l l  n o t e  t h a t  no suds  form, b u t  t h e m i s  
a ecum ove r  t h e  t o p  o f  t h e  water. Thle p r e c i p i t a t e  i s  a 
calc ium soap  compound. 
Continue tm add soap,  d rop  by drop,  u n t i l  a suds  
forms, Note t h e  number o f  drops o f  soap needed to form 
auds. Heat ve ry  g e n t l y  t h e  eecona p o r t i o n  o f  tempormy 
h ~ r d  water ,  Add four  d r o p s  o f  soap s o l u t i o n  and shaka vig- 
o m u a l y ,  I f  suds  do n o t  appear ,  add soap d rop  by d rop  u n t i l  
t hey  do ~ppem.  To t h e  t h i r d  p o r t i o n  of temporary hard water 
add llme wa te r ,  d rop  by drop ,  u n t i l  no more p r e c i p i t a t e  f o m ,  
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F i l t e r  and t e s t  t h e  l i q u i d  w i t h  a few drops o f  soap eolut ion.  
To a t e s t  tube  one-half f u l l  of calcium s u l f a t e  s o l u t i o n  add 
four  drops of soap so lu t ion .  Shake vlgrously. Note any suds, 
The water  conta in ing  dissolved calciuw e u f l f a t e  i s  c a l l e d  
permanent hard water. Boi l  some calcium s u l f a t e  s o l u t i o n  
f o r  two o r  t h r e e  minutes. Add a few drops  of  soap t o  n o t e  
any d i f f e r e n c e  i n  t h e  amount o f  soap needed t o  produce euds, 
To a t e s t  t u b e  h a l f  f i l l e d  w i t h  a permanent hard water  add 
one-fourth of  a t e s t  tube of  sodium carbonate s o l u t i o n ,  
(washing soda) drop b y  drop, F i l t e r  and t e s t  t h e  s o l u t i o n  
w i t h  a f e w  drops of soap, 
Observation. D i s t i l l e d  water  produces many suds wi th  
four  drops o f  soap s o l u t i o n  ( t h e  number of drops needed to 
produce t h e s e  suds may vary depending on t h e  conoentrat ion 
of t h e  soap s o l u t i o n ) .  Tap water produced no suds,  only a 
scum of  p r e c i p i t a t e d  minerals. Calcium bicarbonate  s o l u t i o n  
i s  c a l l e d  temporary herd water. When soap i s  added t o  tem- 
porary hard water  t h a t  has n o t  been boi led ,  no suds are  pro- 
duced, only s scum of p r e c i p i t a t e d  minerals. After  hea t ing  
ternporttry hard water a s u d ~  w a s  produced when four drops of  
aoep were added. When l ime water i s  added t o  temporary  hard 
water  tu~ Insoluble  p r e c i p i t a t e  forms t h a t  w i l l  s e t t l e  t o  t h e  
bottom of  t h e  t e s t  tube. When soap i s  added t o  t h i s  s o l u t i o n ,  
suds a r e  formed. Caloium s u l f a t e  causes permanent hard water,  
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Twenty-one drops  of soap had t o  be added before  a l l  t h e  
mine ra l  w a s  p r e c i p i t a t e d  and suds were allowed t o  form, 
Hea t ing  t h e  caloium s u l f a t e  s o l u t i o n  d i d  n o t  d e c r e a s e  i t s  
hardness. Adding washing soda d id  i n c r e a s e  t h e  hardness  
o f  permanently hard wate r ,  
Conclusion - and ~ e n e r e ~ l i z a t i o n  t h a t  should be d e v e l o ~ e d  
- -
t h r o u ~ h  d i s c u s s i o n  fo l lowinq  - t h i s  demonstra t ion,  D i s t i l l e d  
water (wa te r  w i th  t h e  minera l s  removed) i s  s o f t  wa te r  and 
I. 
w i l l  ~ l l o w  suds  t o  be produced q u i t e  e a s i l y .  Ta.p wate r  i n  , 
Des Moines i s  hard water .  Temporary haPd water  c o n t a i n s  some i 
I 
metal b i ca rbona te .  Temporary hard wate r  can be sof tened  by  
b o i l i n g .  Permenent hard water  o f t e n  con ta ins  some s u l f a t e  I 
cornnound . Perlrsnent hard wate r  c ~ n n o t  .be sof tened  by b o i l i n g ,  
P e m ~ n e n t  hnrd water  can be  sof tened  by adding  washing soda 
(sod ium c a r b o n a t e ) ,  
D e m o n s t r ~ t l o n :  Archimedes P r i n c i ~ l e  
Objec t ive ,  To understand why some objects f l o a t  i n  
wa te r  w h i l e  o t h e r  o b j e c t s  s ink .  
Met+rl~18, Ten pound s g r i n g  s c a l e s ;  laree c o n t a i n e r ,  
such RP R d i s h p s n ;  srnnll bucket  w i th  ba i l ;  s t r i n g ;  l a r g e  
wooden b l o c k ;  l ~ r ~ e ,  non-porous rock,  
M~thod ,  Weieh l ~ r g e  non-porous rock.  P l ~ c e  bucket 
i n  dishpan and fill t h e  bucket b r i m  f u l l  of water.  NOW 
hang t h e  s tone  from t h o  Spring s c a l e s  and weigh s tone  when 
it i s  immersed i n  water. The weight 1s now found t o  be l e s s  
than Before, due t o  t h e  buoyant e f f e c t  o f  t h e  water. Tne 
s t o n e  has caused a quan t i ty  of t h e  water ,  equal t o  t h e  volume 
o f  t h e  s t o n e ,  t o  s p i l l  from the  bucket In to  the  d i s h  pan, 
Remove t h e  bucket and weigh the  dishpan w i t h  i t s  contained 
water.  Pour ou t  t h e  watbr and weigh t h e  dishpan alone, 
Weigh the  l a r g e  wooden block. Again, p lace  t h e  bucket i n  
t h e  dishpan and fill t h e  bucket brim f u l l ,  Care fu l ly  f l o a t  
t h e  block of  wood i n  t h e  bucket of  water,  C o l l e c t  t h e  over- 
flow water  from the  bucket i n  the  dishpan. Welgh t h e  dish-  
pan and i t s  contained water ,  
Observation. The d i f f e r e n c e  i n  t h e  weieht o f  r e a l  
weipht of  t h e  s tone  and i t s  weipht when immersed i n  water  
equal8 t h e  w e i ~ h t  of t h e  water i n  the  dlahpan, The weight 
o f  t h e  water  i n  the  dishpan equals t h e  weight o f  t h e  block 
of  wood.. 
Conclusion and ~ e n e r a l i z a t i o n  t h a t  should be d e v e l o ~ e d  
-
t h r o u ~ h  d l a c u ~ ~ l o n  follow in^ demonstration. A body, when 
placed i n  water ,  l e  buoyed up b y  a fo rce  equal  t o  t h e  weizht 
of t h e  d isp laced  f l u i d ,  I f  t h i s  fo rce  1s l e s s  than  t h e  
weip;ht of  the o b j e c t ,  the  ob jec t  w i l l  s ink.  I f  t h i s  f o r c e  
i s  equel  t o  t h e  weight o f  t h e  o b j e c t ,  t h e  a b J e c t  w i l l  f l o a t ,  
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The term sound i s  used i n  two senses :  one, it siapif- 
i e s  t h e  sensa t ion  of hearing,  and two, i t  s i p i f i e s  t h e  
v i b r a t o r y  motion which g ives  r ise t o  t h a t  sensa t ion .  
The sound t h a t  reaches our ears provides us  with an 
immense amount of information. Sound makes us  aware of  t h e  
voices  of f r i e n d s ,  t h e  r u s t l i n g  of leaves ,  the crash  o f  
thunder,  and t h e  c l a t t e r  of an approaching t r a i n .  Y e t ,  t h e  
source  of all t hese  var ied sounds is  simply a s e r i e s  of  pres-  
s u r e  ohanges. 
A t ree crashes  t o  the  ground, As it fa l l s ,  it pro- 
duces d is turbances  i n  t h e  a i r ,  and these d i s tu rbances  g ive  
r i ~ e  t o  pressure waves t h a t  t r ~ v e l  o u t  i n  a l l  d i r e c t i o n s ,  
Some o f  thaaa  waves s t r ike  our eardrum and s e t  up v ib ra t ione  
t h a t  are recorded i n  t h e  brain.  It Is through t h i s  chain 
o f  events  t h a t  we hear  t h e  crash o f  t h e  tree, 
Pressure waves a r e  formed as a r e s u l t  o f  a v i b r a t i n g  
ob jec t .  As the o b j e c t  v i b r a t e s ,  it brings about a compres- 
s ion.  That i s ,  i t  pushes a s i d e  and crowds toge the r  t h e  
moleoules o f  a i r  I n  the  immediate v i c i n i t y .  In  t h i s  w ~ v ,  
R ~ 6 p e ~ t R d  ~ e r i a ~  of  oornpression waves w i l l  be formed as 
t h e  o b j e c t  cont inues t o  v ib ra te ,  
It l a  neoeueery t o  acquire  s e v e r a l  b a s l a  under~tsnd- 
i n g ~  before a utudent l a  a b l e  to have a workine knowledge 
s t r i n g s ;  The v e l o c i t y  of sound; C h a r a c t e r i s t i c s  of sound, 
The fo l lowing  demonstra t ions  have been Included I n  t h i s  re- 
sou rce  book because t h e y  h e l p  develop t h e s e  unders tandings ,  
Demonstration: How Sound Is Produced and Transmit ted 
Object ive .  To demonstra te  how sounds can be produced 
and how t h i s  sound i s  t r ansmi t t ed  t o  o u r  ears. , 
Mater ia l s .  A tun ing  f o r k ;  a rubber  m a l l e t  ( t h i s  can 
be a one-hole s toppe r  on a p e n c i l ) ;  s i x  t e s t  t u b e s ;  a glass , 
o f  water ;  a yard s t i c k ;  an e l e c t r i c  bell;  a bel l  jar (wi th  
h o l e  i n  t o p  f o r  e l e c t r o d e ) ;  a vacuum pump. 
Vathod. S t r i k e  t h e  tun ing  f o r k  w i t h  t h e  mallet and 
hold It s o  t h e  c l a s s  may hear it. This  can be  done by 
p l ~ c l n p :  t h e  baue o f  t h e  f o r k  on t h e  l a b o r a t o r y  desk. The 
resonance ~ r o d u c e d  w i l l  i n t e n s i f y  t h e  sound. Have a s t u -  
d e n t  hold t h e  g l a s s  o f  w ~ t e r  I n  h i s  l e f t  hand and hold it 
up a g a i n s t  t h e  blackboard a t  such a he igh th  t h a t  a l l  stu- 
dmnts cen see. The l n s t r u o t o r  should s t r i k e  the tun lng  
f o r k  wi th  t h e  m a l l e t  and t h r u s t  t h e  v i b r a t i n g  prongs o f  the 
f o r k  i n t o  t h e  c o n t a i n e r  of  water. The v i b r a t i n g  p r o w s  w i l l  
aaufte t h e  water  t o  spray up a g a i n s t  t h e  blackboard,  t hus  
ahowing a l l  t h e  s t u d e n t s  evidence of v i b r a t i o n s .  
o f  t h e  s c i e n c e  of eound. These understnndings would inc lude :  
How sound i s  produced and t r ansmi t t ed ;  The l a w  o f  v i b r a t i n g  
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Now t a k e  the  ya rds t i ck  and hold i t s  f l a t  s i d e  f i rmly  
on t h e  table with about one foo t  p r o j e c t i n g  over  i t s  edge, 
P u l l  up on t h e  f r e e  end of t h e  s t i c k  and r e l e a s e  it. Push 
t h e  s t i c k  o u t  another s i x  inches and repeat  t h e  ac t ion .  A s  
the yarde t i ck  1s released, i t  w i l l  v i b r a t e  i n  such a manner 
as t o  be seen and heard by a l l ,  
Next, blow your b rea th  wi th  high v e l o c i t p  a c r o s s  t h e  
mouth o f  a tes t  tubs. Note t h e  sound. Then pour water  i n t o  
each of t h r e e  t e s t  tubes so  t h a t  one i s  one-fourth f u l l ,  one 
one-half f u l l  and one three- four ths  f u l l ,  Now blow ac ross  
t h e  top o f  each tube  as before,  Note the  r e s u l t s .  
Plaoe t h e  e l e c t r i c  b e l l  i n  t h e  bel l  Jar and connect 
it t o  the  b a t t e r y .  Note t h e  sound, N o w ,  pump t h e  air from 
t h e  be11 Jar and no te  t h e  sound. 
Observation, The tuning fork  was caused t o  v i b r a t e  
when s t r u c k  with t h e  rubber mallet, thus  producing a sound, 
The spray  of  water formed when t h e  tuning fo rk  w a s  t h r u s t  
I n t o  t h e  water i s  clear evidence of i t s  rapid  v i b r a t i o n ,  
The y a d  s t i c k  i s  limber enough t o  v i b r a t e  back and 
f o r t h  w1t.h ease  when one end i s  held f i r m l y  a g a i n s t  the  
t a b l e  top. Students  can e a s i l y  no te  t h e  d i f f e r e n c e  i n  t h e  
sound produced. When one foo t  of t h e  yard s t i c k  i s  over t h e  
table t a p ,  n very high pitched sound i s  produoed, As the 
free and becomes longer ,  t h e  sound e m i t t e d  becomes proere8- 
s i v e l y  lower  i n  p i t c h ,  
A s  one  blows a c r o s s  t h e  t op  of  t h e  t e s t  t ubes  t h e  
a i r  w i t h i n  t h e  tube Is csused t o  v i b r a t e ,  thus  producing 
an a u d i b l e  sound. A s  t h e  l eng th  of the v i b r a t i n g  column of 
a i r  d e c r e a s e s ,  t h e  air v i b r a t e s  w i t h  g r e a t e r  r a p i d i t y ,  pro- 
duc ing  a high pi tched ~ o u n d ,  
Ae t h e  b e l l  r i n g s  i n  t h e  b e l l  jar conta.1ning a i r  t h e  
sound can be heard i n  all p a r t s  o f  t h e  room. A s  t h e  a i r  i s  
removed, t h e  sound becomes weaker and weaker u n t i l  t h e r e  i s  
no sound at  a l l ,  
Conclusion or p n e r a l i z a t i o n  t h a t  should d e v e l o ~ e d  
through d i s c u s s i o n ,  Sound waves a r e  produced when an object ,  
IR v i b r a t i n g .  The p e s t e r  t h e  r a t e  o f  v l b r e t i o n ,  t h e  hi,jher C 
t h e  p i t c h  o f  t h e  s o u ~ d .  Sound waves cannot  be t r ansmi t t ed  I 
th roush  R vacuum. 
Demonstrst lon:  V i b r a t l n ~  Str1np;s 
O b j ~ c t l u e .  To d e m o n s t r ~ t e  how the f a c t o ~ s  of  l e n e t h ,  
tenfiion and d i ame t s r  a f f e c t  t h e  p i t c h  o f  8 v i b r r t i n g  s t r i n g ,  
M a t e r l s ~ ,  P. f o u r  f o o t  l s n p t h  o f  number 6 p iano  wire; 
R f o u r  f o o t  l e n g t h  o f  number 10 p i ~ n o  wi re ;  a three f o o t  
length of  wcod 2" x 4"; t w o  t r 1 . e n p l . q ~  blocks  o f  wocd; s 
method. S t r e t c h  a number 6 piano  w i r e  a c r o s s  two 
t r i a n g u l a r  b locks  and t u n e  I t  i n  unlson with  a 'Cn  t un ing  
fork ( 2 5 6  v i b r a t i o n s  p e r  second) by changing t h e  d i s t a n c e  
between t h e  two t r i a n g u l a r  blocks o f  wood. Th i s ,  o f  cou r se ,  
ha s  t h e  e f f e c t  of  sho r t en ing  t h e  w i re ,  f o r  on ly  t h i s  s e c t i o n  
w i l l  be al lowed t o  v i b r a t e  as I t  is  plucked, Measure t h i s  
d i e t a c e  and w r i t e  it on t h e  blackboard f o r  a l l  t o  see,  
Using a *GM t u n i n g  f o r k ,  change t h e  p o s i t i o n  o f  t h e  
t r i a n g u l a r  block u n t i l  t h e  s t r i n g  v i b r a t e s  i n  un ison  wi th  
t h i s  fo rk .  Make a comparison o f  t h e  two l e n g t h s  o f  w i r e  and 
t h e  p i t c h  produced each time. 
Throughout t h i s  part  o f  t h e  demons t ra t ion ,  make s u r e  
t h a t  t h e  t e n s i o n  on t h e  w i r e  i s  unchanged, This  can be i n -  
sured by l e a v i n g  t h e  same amount o f  weieh t  on t h e  hanger 
throughout  t h i s  part o f  t h e  demonstrat ion,  
Now s t r e t c h  a number 6 p i ~ n o  w i r e  acmss t h e  two 
t r i a n . m l a r  b locks  of wood and tune it i n  unlson w i t h  a "C" 
t un ing  f o r k  by add ins  weiphts  t o  t h e  hanser ,  Measure t h e  
l e n g t h  o f  t h e  vibrating s e c t i o n  o f  w i r e  between the  two 
t r i ~ n q z l l a r  b locks  of wood. Now add an a d d i t i o n a l  amount 
o f  weipht t o  t h e  hanger u n t i l  t h e  s t r i n g  v i b r a t e s  In unison 
w i t h  FI " G V u n i n g  fo rk .  Note t h e  e f f e c t  of t h e  pi tch o f  t h e  
v i b r ~ t l n p  w i r e  as t h e  t ens ion  l a  increased  on t h e  w i r e ,  
Ramave t h i s  p i e c e  o f  number 6 piano w i r e ,  and r e p l e o a  
i t  w i t h  R four f o o t  l e n g t h  of  number 10 piano w i r e ,  AdJust 
t h e  p o s i t i o n  of t h e  t r i a n g u l a r  blocks  and t h e  amount o f  
t e n s i o n  on t h i s  new wi re  so they  a r e  i d e n t i c a l  t o  t h e  l e n g t h  
and t e n s i o n  used on t h e  number 6 piano wi re  i n  t h e  f i r s t  
p a r t  of t h i s  demonstrat ion.  Compare t h e  p i t c h  produced w i t h  
t h i s  w i r e  and t h e  " C n  tun ing  fork.  How does the d iameter  of 
t h i s  w i r e  seem to a f f e c t  i t s  r a t e  of v i b r a t i o n  as evidenced 
by t h e  change i n  p i t c h ?  
Observation,  The l e n g t h  o f  t h e  wire must be shor tened 
i n  o r d e r  t o  change i t s  r a t e  o f  v i b r a t i o n  from C t o  G. More 
I 
weight  must be added t o  the  w i r e  t o  change i t s  p i t c h  from C 
I 
t o  G. With t h e  same l e n g t h  and t e n s i o n ,  t h e  number 10  piano 
w i r e  produces a h ighe r  Igtched sound than t h e  number 6 piano 
wire, 
Conclusion, The s h o r t e r  t h e  l eng th  o f  v i b r a t i n g  
w i r e ,  t h e  h iphe r  t h e  p i t c h .  The p i t c h  of  a v i b r a t i n g  w i r e  
i n c r e a s e s  w i t h  increased  tens ion .  The p i t c h  produced b y  a 
v i b r a t i n g  k wire  i n c r e a s e s  ha the diameter  I s  decreased,  
Demonstration: Veloc i ty  o f  Sound 
ObJectlve.  To determine t h e  v e l o c i t y  o f  sound. 
Mater ia l s .  Tuning forks  o f  known frequency (.cm 
f o r k  a t  256 V.P.S.  and U G H  f o rk  a t  512 V.P.S.); glass tuba 
1.5" i n  d iameter  and 16" long;  a t a l l  F ~ R S S  P T R ~ U R ~ ~  
c y l i n d e r ;  yard s t i c k ;  t un ing  f o r k  ma l l e t ,  
Method. Resonance occurs when t h e  n a t u r a l  v i b r a t i o n  
rates of two o b j e c t s  are the  same. The a i r  column i n  a 
c losed  g l a s s  tube  produces I t s  b e s t  resonance when I t  i s  
one-fourth as long a e  t h e  sound wave, 
F i l l  t h e  graduated cy l inde r  n e a r l y  f u l l  o f  water  and 
i n s e r t  a glasfi tube. A s  you r a i s e  o r  lower t h i s  t ube  you 
chanee t h e  l eng th  of the a i r  column i n  t h e  tube. S t r i k e  
t h e  prongs of t h e  Vfl tun ing  fork and hold t h e  f o r k  nea r  t h e  
mouth of t h e  tube. Move t h e  tube u n t i l  t h e  sound o f  t h e  
f o r k  becomes as loud as poss ib le .  Measure t h e  l e n g t h  o f  t h e  
a i r  column i n  t h e  tube  a t  t h i s  p o s i t i o n .  This i s  t h e  reso-  
n a n t  l eng th  o f  t h e  tube. 
Repeat,  us ing  the  512 V.P.S. fork.  Compute t h e  t u b e ' s  
resonant  l e n g t h  and record on t h e  blackboard u h e m  a l l  pay 
eee. (The sound wave t r a v e l s  fou r  times t h e  l e n g t h  o f  t h e  
tube  du r ing  one complete v i b r a t i o n ,  t h e r e f o r e  t h e  l e n ~ t h  o f  
t h e  a i r  column l a  one-fourth t h e  wave lene th . )  
Compute t h e  v e l o c i t y  of sound for mom tempere.tw-e. 
Use t h e  equat ion  v e l o c i t y  equals frequency t imes t h e  wave 
l a n ~ t h ,  ramemberinp t h e  wave length  equals  f o u r  times t h e  
l e n g t h  o f  t.he a i r  column, 
Observation,  The length  of t h e  resonance tube  f o r  
t h e  256 V.P.S. tuning f o r k  i n  t h i r t e e n  inches ,  Therecare ,  
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t h e  wave length  would be 52 inches. The length  of t h e  reso- 
nance tube f o r  t h e  512 V.P.S. tuning fork is  6 . ;  inches,  and 
t h e  wave l eng th  would be  26 inches,  
Conclusion. The v e l o c i t y  a t  room temperature f o r  t h e  
52" 256 V.P.S. tuning fork  would be: V = 256 x =, OF, 1,120 
f e e t  p e r  second. The v e l o c i t y  a t  room temperature f o r  t h e  
512 V.P.S. tun ing  fo rk  would be V = 512 x 26" o r 1 , 1 2 0  I F '  
f e e t  pe r  second, 
Demonstration : Sound Waves 
Objective. To demonstrate t h e  d i f f e r e n c e  between a 
t r a n s v e r s e  wave and a long i tud ina l  wave, 
Yater ia l .  A long coi led  sp r ing  painted whi te  (such 
as a slinky); e i g h t  croquet b a l l s  painted w h i t e :  a shallow 
V-shaped trough t o  hold t h e  croquet ba l l s .  
Method. Suspend and fas t en  t h e  ends of e long coi led  
s p r i n c  t o  t h e  ends of a labora tory  dernon~tra t ion  desk. Pluck 
t h e  s p r i n c  a t  r i g h t  angles  t o  i t s  length.  Compress seve ra l  
 turn^ of  t h e  spr ing  and r e l e a s e  them quickly. P lace  seven 
croquet  b ~ l l f t  near one end of t h e  shallow trough,  and r o l l  
t h e  a i ~ h t h  brill w i t h  6ome f o r c e  toward them from t h e  o t h e r  
end o f  the  troueh. 
O b ~ e r v ~ t i o n ,  When t h e  sp r ing  i f 3  plucked ~t rip-ht 
a n g l e s  t o  its l e n g t h ,  a wave i s  s e t  up which t r a v e l s  a l o n g  
t h e  s p r i n g  from one end t o  t h e  o t h e r  and t h s n  r e t u r n s  by 
r e f l e c t i o n .  A s  t h e  waves advance, t h e r e  i s  a c t u a l l y  l i t t l e  
o r  no forward movement o f  t h e  c o i l s  i n  t h e  spr ing .  This  
t y p e  o f  wave i s  desc r ibed  as a t r a n s v e r s e  wave, 
When s e v e r a l  turns of  t h e  co i l ed  spring were compres- 
sed and then  r e l e a s e d ,  a wave w a s  formed i n  which t h e  wire 
i s  made t o  v i b r a t e  i n  t h e  seme d i r e c t i o n  as t h e  pa th  a l o n g  
which t h e  wave is  t r a v e l i n g .  This i s  desc r ibed  as a long i -  
tud i n a l  wave. 
A s  one r o l l s  a s i n g l e  c roque t  b a l l  toward t h e  remain- 
i n g  seven,  t h e  f o r c e  of the impact is  communicated to  each 
o f  t h e  seven ba l l s  u n t i l  t h e  last b a l l  1s reached.  T h i s  
be l l  r o l l s  o u t  of p o s i t i o n  away from t h e  remaining balls. 
Conclusion, Water waves and l i ~ h t  waves are t r a n s -  
v e r s e  waves. These waves v i b r a t e  a t  r i g h t  a n g l e s  t o  t h e  
d i r e c t i o n  i n  which t h e  wave i s  t r a v e l l u g .  Sound waves R r e  
l o n e l t u d i n ~ l  waves, and t hey  v i b r a t e  i q  the  fiame d i r e c t i o n  
as t h e  wave is  t ravel ing.  
When t h e  crocluet b a l l  i s  r o l l e d  s o  t h a t  i t  s t r i k e s  
one end o f  t h e  row o f  b a l l s  head on, t h e  bal l  a t  t h e  o t h e r  
end o f  t h e  row moves away a t  a sneed equa l  t o  t h a t  o f  t h e  
b a l l  r o l l e d .  Fach b a l l  has  been d i s tu rbed .  T h i ~  d i s t u r b ~ n c e  
h ~ s  paused  long t h e  e n t i r e  l i n e  of  b ~ l l s ,  h u t  no b ~ l l  has  
moved f rom one end of  t h e  l i n e  to  t h e  o t h e r ,  This  i s  a l s o  I 
t r u e  o f  ~ouncl  waves. The compression wave does n o t  a c t u a l l y  
move a g r e a t  d i s t a n c e ;  i t s  energy is  imyarted t o  t h e  n e x t  
compression,  and thus  i s  t r ansmi t t ed  from molecule t o  mole- 
c u l e  j u s t  as w a s  demonstrated wi th  t h e  croquet  ball. 
IV. SOURCES AND CONTROL O F  HEAT 
Although man may have happened upon t h e  use and con- 
t r o l  of  f i r e  a c c i d e n t a l l y  through vo lcan ic  e r u p t i o n  o r  
l ightning-produced f i r e s ,  he has c e r t a i n l y  come t o  r e a l i z e  
t h a t  h e a t  energy i s  a va luab le  asset. This form of  energy 
n o t  on ly  enab le s  man t o  w a r m  h i s  body and cook h i s  food; 
i t  i s  an impor tan t  sou rce  of energy f o r  t h e  development o f  
R modern aooia ty .  
It has  on ly  been i n  t h e  las t  cen tu ry  and a half t h a t  
man has  known much about  t h e  n a t u r e  o f  heat .  Prev ious  to  
t h i s  t ime,  h e a t  was thought  t o  be weightless f l u i d  which 
e s c ~ p e d  from matcrLRla when burned. A s  a r e s u l t  o f  exper i -  
menta t ion ,  man cafit  away t h i a  i dea  concerning h e a t  and con- 
cluded t h a t  h e a t  1s a form of  k i n e t i o  energy, This  energy 
t a k e s  the form o f  v i b r ~ t i n g  molecules i n  a substance.  
Mm i a  p a r t i c u l a r l y  I n t e r e s t e d  i n  t h e  e f f e c t s  of  h e a t  
on o b j e a t s  i n  h i s  environment. This  i n t e r e s t  has e n ~ b l e d  
nnn t o  d e v i s e  new methods of u s i n g  and c o n t r o l l i n g  hea t .  
Such inven t ions  8s t h e  gas  furnace ,  t h e  t he rmos ta t ,  the a i r  
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c o n d i t i o n e r ,  and hea t  i n s u l a t o r s  are a f e w  invent ions t h a t  
have r e s u l t e d  Prom t h i s  i n t e r e s t ,  
Consumer s c i e n t i s t s  must understand the b a s i c  pr in-  
c i p l e s  of hea t  i n  o rde r  t o  l i v e  more secure ly  w i t h  t h e  many 
invent ions  us ing  t h i s  form of k i n e t i c  energy, 
Demonstration: How Heat Affects  Solids, 1 , i t~uids and Gases 
Oblective,  To demonstrate the  e f f e c t  of h e a t  ex- 
pansion on s o l i d s ,  l i q u i d s ,  and gases,  
Material .  500 m l .  f l a s k ;  tog bal lon;  bunsen burner;  
i r o n  w i r e ,  100cm. long; metal weight; r i n g  s tand;  250 m l ,  
f l a s k ;  glass tubing;  one-hole s topper;  potassium permanganate; 
clamps. 
Method. Suspend weighted i r o n  w i r e  from clamp with 
t h e  we l rh t  one cent imeter  from t h e  base of  t h e  r i n g  stand. 
Heat t h e  w i r e  by  moving t h e  bunsen burner up and down the  
e n t i r e  l eng th  of  the  wire. Note any  change i n  t h e  p o s i t i o n  
o f  t h e  weight, 
P lace  a toy balloon over t h e  mouth of a 500 m l .  f l a s k ,  
P l ~ c e  t h e  f l a s k  on t he  r i n g  stand and hea t  uniformly on a l l  
s i d a s .  Note any change in the s i z e  of t h e  balloon. 
P lace  a few o r y s t a l a  of potassium permangsnate i n  a 
250 m l .  f l a s k  and fill with water.  Shake u n t i l  c o l o r  is 
uniform. I n ~ e r t  one-hole stopper and g l a s s  tube so thst 
water 1s forced  UP t h e  tube  above t h e  s topper ,  p l a c e  t h e  
f l a s k  On t h e  r i n g  s t and  and n o t e  t h e  p o s i t i o n  of t h e  co la red  
w a t e r *  Heat s lowly and t hen  s t rong ly .  Note t h e  p o s i t i o n  o f  
t h e  wa te r  i n  t h e  glass tube. 
Observation.  As t h e  w i re  I s  hea ted ,  n o t e  t h a t  t h e  
weight soon comes t o  rest on t he  r i n g  s tand  and n o t e  t h a t  
as t h e  f l a s k  i s  hea ted ,  the  ba l loon  i s  i n f l a t e d  and become8 
much enlarged.  As t h e  f l a s k  c o n t a i n i n g  t h e  co lored  water 
i s  hea t ed ,  t h e  water  l e v e l  i n  t h e  tube  Is seen  t o  rise. 
Conclusion. S o l i d s ,  l i q u i d s  and gases used i n  t h i s  
exper iment  expanded when heated,  
D e m o n s t r ~ t i o n :  Kindl ing  Temperatures 
Object ive .  To de te rmine  t h e  r e l a t i v e  k i n d l i n e  
 temperature^ of  some common substances .  
Matar ia la ,  Ring  stand snd r i n g ;  4" x bW steel plate; 
bunsen bu rne r ;  sinall ~ 1 e c . e  o f  aulfUr; head o f  m a t c h ;  smell 
piece of pape r ;  wooden s p l i n t .  
Method. Place equa l  s i zed  p i e c e s  o f  paper ,  wood 
s p l j n t ,  s u l f u r ,  ~ n d  t h e  h e ~ d  o f  a match on t h e  c o r n e r  of 
t h e  steel g l ~ t e .  P l ace  t h e  bunsen burner  s o  t h a t  the flames 
s t r i k e  t h e  c e n t e r  o f  t h e  s t e e l  plate. R e  s u r e  each sub- 
stance i e  aqua1 d i e t ~ n t  from t h e  d a n t e r  of t h e  plate. Note 
t h e  r e s u l t s ,  
Observation. The match head f i r s t  b u r s t s  i n t o  flame, 
followed by t h e  s u l f u r ,  paper  and then  t h e  wood s p l i n t ,  
Conclusion, D i f f e r e n t  substances  have d i f f e r e n t  
k i n d l i n g  temperatures .  The match head h& t h e  lowes t  k ind l -  
i n g  tempera ture ,  followed by s u l f u r ,  paper ,  and wood. 
Demonstration: T rans fe r  o f  Heat 
0b.lective. To demonstra te  how h e a t  i s  t r a n s m i t t e d  
by conduct ion,  convect ion,  and r a d i a t i o n .  
Materials. Ring s tand and r i n g ;  bunsen burner; a 
onc-foot  l e n e t h  o f  copper ,  aluminum, and i r o n  w i r e  o f  equal 
d i ame te r ;  cend le ;  corn seeds; beaker o f  cold water; small 
b o t t l e  o f  i n k ;  two small cans ,  one ~ a i n t e d  b l ack  and one  
s i l v e r ;  two thermometers. 
Method, (1) Conduction. Attach the t h r e e  wires o f  
coyper ,  ~ luminum,  ~ n d  i r o n  t o  t he  r i n g  s o  t h e y  w i l l  a l l  
touch a t  one end. With t h e  candle ,  f a s t e n  f o u r  corn seeds  
t o  9 ~ c h  wi re  a t  I n t e r v a l s  o f  one inch. P l ace  t h e  bunsen 
bu rne r  flame d i r e c t l y  under t h e  w i r e s  ~t t h e i r  p o i n t  o f  
meeting, 
( 2 )  Convection. Lower a small b o t t l e  o f  I n k  l n t o  
t h e  cold  ~ ~ t c r  a l o n ~  t h e  s i d e  of t h e  benker. Set  t h e  
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bunsen bu rne r  s o  t h e  flame s t r i k e s  n e a r  the  bottom o f  the  
i n k  c o n t a i n e r .  Heat f o r  s e v e r a l  minutem, 
( 3 )  Radiation. P lace  an equa l  q u a n t i t y  o f  water i n  
each o f  two small cans .  The wate r  should be  t h e  same 
tempera ture .  P lace  a thermometer i n  each can and pu t   the^ 
i n  t h e  sun. Have a s t u d e n t  read t h e  i n i t i a l  t empera ture ,  
and then  t h e  temperature  a t  5-minute I n t e r v a l s  f o r  45 minutes. 
Observation.  (1) A s  t h e  wi res  a r e  hea t ed ,  t h e  h e a t  
w i l l  be conducted a long  each wire  u n t i l  t h e  w i r e  r eaches  t h e  
me l t i ng  p o i n t  o f  t h e  p a r a f f i n .  When t h i s  occu r s ,  t h e  corn  
seeds  w i l l  d r o p  from t h e  w i r e .  The o r d e r  o f  h i g h e s t  con- 
d u c t i v i t y  of  t h e  w i re s  w i l l  be  copper,  aluminum and then  
i r o n ,  
( 2 )  A s  t h e  amal l  b o t t l e  o f  i n k  i s  hea t ed ,  t h e  Ink 
expends, rissfi t o  t he  s u r f a c e  o f  t h e  wate r ,  t r s v e l s  Rcross 
t h e  surfsce and then descends on the  o p p o s i t e  side, 
( 3 )  A s  t he  r s d i s n t  heat from the  sun s t r i k e s  t h e  
c a m ,  they a r e  warmed. Fos t  of  the r a d i a n t  h e a t  t h ~ t  
s t r i k e s  t h e  s i l v e r  csn i s  r e f l e c t e d ,  and t h a t  which s t r i k e s  
the b lack  can i s  absorbed.  T h i s  i s  r e a d i l y  observed ss t h e  
temperq ture  i n  t h e  b l ack  can becomes h i s h e r  than t h a t  i n  
t h e  s i l v e r  c m .  
C o n o l u ~ i o n ,  ( 1) Conduction. When h e a t  t r a v e l s  from 
one molecule t o  another  by molecular c o l l i s i o n ,  t he  process  
i s  c a l l e d  conduction. Most s o l i d s ,  p a r t i c u l a r l y  metals,  
a r e  good conductors of heat.  On t h e  o t h e r  hand, s o l i d s  
l i k e  g l a s s  b r i ck  and wood, which a r e  not metals,  a r e  very 
poor conductors of heat.  Liquids and gaRes m e  a l s o  poor 
conductors of hea t ,  
( 2 )  Convection. If a gas o r  a l i q u i d  i s  heated,  
i t  w i l l  expand and decrease  I n  weight per  u n i t  volume. 
T h i s  w i l l  cause t h e  l i q u i d  o r  gas t o  r i s e .  This change i n  
p o s i t i o n ,  due t o  decreased weight, Is ca l l ed  convection. The 
i n k  used i n  t h i s  demonstration r o s e  t o  t h e  surface becauee 
o f  convection, The ink then lowered on t h e  oppos i te  s i d e  
because It had become cooled, contracted and became heavier  
than  t h e  water ,  
(3) Radiation. The sun or o t h e r  h o t  bodies g ive  o r  
r a d t a t e  e n e r n  i n  t h e  form of waves. These t i n y  waves t r a v e l  
t h r o u ~ h  space w i t h o ~ l t  t h e  a id  of  molecules o f  matter. Radi- 
e n t  energy becomes hea t  only when it i s  absorbed by mat ter  
and csuseu t h e  motion of  molecule^. This i s  w h a t  happened 
I n  t h l u  demonstretion. Both cans absorbed t h e s e  r a d i a n t  
raya and traneformed them i n t o  heat. The black can absorbed 
mora of thess rays t h ~ n  d id  the  white can causing t h e  water  
In i t  to be w ~ r m e d  more auickly t h ~ n  t h e  water i n  t h e  shiny 
can. 
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Demonstration: Coolina Through Evaporation 
ObJsctive.  To demonstrate t h a t  t h e  evaporat ion of a 
~ u b a t a n c e  r e q u i r e s  hea t ,  
Materials, Large cork; eye dropper;  water ;  watch 
glass; e t h e r ;  vacuum pump; b e l l  jm, 
Method. P lace  a l a r g e  cork o n  t h e  s t a g e  o f  t h e  
vacuum pump, and add a drop of water i n  t h e  c e n t e r  o f  t h e  
f1e.t su r face  o f  t h e  cork, The watch glass i s  now t o  be 
placed on t h i s  drop of water ,  F i l l  t h e  watch g l a s s  wi th  
e t h e r  and cover w i t h  the b 3 l l  J a r ,  Remove t h e  a i r  from 
w i t h i n  t h e  be l l  j a r ,  
Observ~t . ion,  As t he  a i r  i s  removed frow t h e  b e l l  
J a r ,  t h e  ether a m  be Reen t o  bai l  ~ n d  evaporate  away, 
Allow the n i r  t o  r e -en te r  t h e  b e l l  jsr and remove it from 
t h e  a t s ~ e  o f  t h e  vacuum pump, The watch glsss w111 be 
f'rozrn to t h e  cork,  
Conolusion, To evaporate  a l i q u i d  r e q u i r e s  hea t ,  
The heat needed f o r  t h e  evaporation of t h e  e t h e r  comes 
from t h e  w ~ t e r .  This  h e ~ t  removsl causes t h e  water  to  
freeze, 
V. OUR USE AND CONTROL OF LIGHT 
Most o f  t h e  t h i n g s  we know and exper ience  come f i r s t  
through o u r  a b i l i t y  t o  see .  L i g h t  Is a form of energy ,  
j u s t  as are h e a t ,  magnetism, and e l e c t r i c i t y .  ~t w i l l  do 
work f o r  u s  if p r o p e r l y  c o n t r o l l e d .  
No one  seems t o  know f o r  s u r e  j u s t  what l i g h t  i s ,  
b u t  much i s  known cance rn ine  the l a w s  and p r i n c i p l e s  t h a t  
c o n t r o l  it. Through t h e  a p p l i c a t i o n  o f  t h e s e  s c i e n t i f i c  
p r i n c i p l e s  w e  are a b l e  t o  improve and extend o u r  v i s ion .  
Now w e  can see t h e  i n v i s i b l e  world o f  r n i c r o o r ~ n l s m ~  and 
~ t u d y  d i s t a n t  p l a n e t s  and stars. W e  t a k e  p i c t u r e s  i n  c o l o r  
and t r a n s m i t  them through space  by t h e  marvel o f   television^ 
It  3.6 the  r e ~ p o n s l b i l l t y  o f  t h e  modern high schoo l  tci 
impar t  t h e s e  known p r i n c i p l e s  to t h e  so i ence  consumer o f  
tomorrow. 
pemons t r ~ t l o n :  How L l ~ h t  Trave ls  
ObJaotive,  To demonstra te  t h a t  l i g h t  t r a v e l s  I n  
strelpht l l n e 8 ,  
P ~ t e r I ~ l e .  Three s ix-Inch scrusres o f  auar ter- i r lch 
p l . ~ ( o o d  with R l / 8  Inch holm d r i l l e d  through the  c e r t e r  o f  
eech 1 m q e  f l a t  ~ u r f n c e ;  thpee p i e c e s  o f  ln x 2" wood, SIX 
lnchma l o n ~ ,  each of which should be tacked t o  t h e  edee o f  
e ~ o h  6* x 6~ pinoa o f  plywood to form EI base, t h u s  enab- 
47 
l i n g  them t o  stand u p r i g h t ;  a ln x 88. board t h r e e  f e e t  long  
on which a c e n t e r  l l n e  has been drawn that  extend.^ t h e  l e n g t h  
of t he  board; two small candles, 
Method. L i g t t a  candle and p lace  i t  near t h e  end of 
t h e  ln x 8 "  board over  t h e  c e n t e r  l i n e  you have drawn. 
P l a c e  one of  t h e  upr igh t  blocks of  wood a foo t  from the 
candle so  you can see t h e  candle flame through t h e  1/8m hole.  
Next, p l s c e  a second upr igh t  p iece  18' away from t h e  candle 
on t h e  same side ae t h e  o r i g i n a l  upr ight  piece.  The 1 / 8 a  
h o l e  I n  t h i s  second p l e c e  should be one inch t o  the  r i g h t  
o f  t h e  c e n t e r  l i n e .  Have R s tuden t  look through t h i s  h o l e  
t o  ~ e e  If he  can s e e  t h e  candle flame, Have t he  s t u d e n t  
announce t o  the c l a s s  where I t  must be pl sced .  Now set  up 
t h e  t h i r d  u p r l p h t  a f o o t  from the second one and d i r e c t l y  
over the  c e n t e r  l i n e .  H ~ v e  the s tuden t  look t o  see If he  
can see t h e  c ~ n d l e  flame. Move Rnyona of  t h e  t h r e e  u p r i g h t  
 board^ and have  t h e  e tudent  announce whether o r  no t  he can 
sap the candle  flame. 
Obuervatlon, The only tlme t h a t  t h e  candle flame csn  
be obanrved i s  when t h e  1/8w holes  are d i r e c t l y  I n  l i n e .  
Conolusion. Liyht  t r a v e l s  i n  straight l i n e s ,  
 erno on strati on : L1p;ht Re f rac t ion  
Objec t ive .  To demonstra te  t h e  behavior  o f  l i g h t  as 
it passes from a medium i n  which l i g h t  has  a h igh  v e l o c i t y  
i n t o  a medium i n  which l i g h t  t r a v e l s  more slowly,  
Materials. A rectangu1e.r g l a s s  b o t t l e ;  water; small 
q u a n t i t y  of  s t a r c h ;  f l a s h l i g h t ;  a smoke box. ( A  smoke box 
f o r  t h i s  demons t ra t ion  and t h e  fol lowing demons t ra t ion  should 
be b u i l t  two feet h igh ,  two f e e t  wide, and f o u r  inches  deep,  
The f r o n t  o f  t h e  box should be f i t t e d  w i t h  a p i e c e  o f  window 
g l a s s .  On t h e  i n s i d e  o f  t h e  back, oppos i t e  t h e  window glass, 
p a s t e  a c i r c l e  o f  paper which has been d iv ided  i n t o  degree  
markings which can b e  seen  from a l l  ~ r t e  o f  the room,) 
Method. A r r a n ~ e  B f l s a h  l i g h t  t o  p m d u c e  a beam o f  
l l p h t  i n ~ l d e  t h e  smoke box, F i l l  t h e  l a r g e  r e c t a n g u l a r  
b o t t l a  w i t h  water and add a small q u a n t i t y  o f  s t a r c h  t o  make 
t h e  W ~ t e r  cloudy.  Cork t h e  b o t t l e  and r e s t  i t  on two s u p p o r t  
pins which have been d r i v e n  through t h e  paper circle on the  
h o r i z o n t a l  nxis. P i l l  t h e  box w i t h  smoke by bu rn ing  an in- 
Panee c ~ n d l a .  Dl reo t  t h e  beam o f  l i q h t  a t  an o b l i q u e  ~ n g l e  
RO thmt I t  n t r i k e a  t h e  r ec t an@Ul~r  b o t t l e .  
Obsarvet lon,  O h ~ e r v e  haw t h e  path of  l i g h t  I n  t h e  
b o t t l e  IR ef fec teU.  We mey o ~ l l  t h e  incoming be~m o f  l i g h t  
t h e  i n c i d e n t  r ay ,  Tho angln  betmeen t h i e  b a ~ m  Lnd t h e  normal 
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t o  t h e  s u r f a c e  i s  t h e  a n g l e  of incidence.  The l i g h t  beam, 
a f t e r  bending  in t h e  b o t t l e ,  i s  c a l l e d  t h e  r e f r a c t e d  r a y ,  
and t h e  a n g l e  t h a t  it makes w i th  t h e  normal i s  t h e  angle o f  
r e f r a c t i o n ,  
Conclusion,  When a l i g h t  r a y  pas ses  o b l i g u e l y  from 
one medium t o  ano the r  t h e  ray w i l l  bend toward t h e  normal 
i f  i t  d e c r e a s e s  i t s  v e l o c i t y ,  and away from t h e  normal i f  
t h e  v e l o c i t y  of t h e  l i g h t  i s  increased ,  
Demonstrat ion:  R e f l e c t i o n  o f  L i a h t  
Clbjactive. To demonstra te  t h a t  t h e  angle o f  i n c i d e n c e  
e q u a l s  t h e  a n g l e  o f  r e f l e c t i o n ,  
M ~ t c a r i n l ~ ,  Smoke box;  f l a s h l i g h t ;  m i r r o r ;  punk; and 
matches, 
Method, 'Iko n a i l s  should be d r i v e n  through t h e  paper 
circle t h a t  is  on t h e  i n s i d e  back of t h e  box o p p o s i t e  t h e  
window g l a o s .  The n a i l s  should be placed on t h e  h o r i z o n t a l  
a x i s .  Supnor t  a mi r ro r  on t h e s e  n a i l s ,  I n  t h e  t o p  of t h e  
box c u t  8 narrow s l i t  one  inch  long  i n  t h e  c e n t e r  o f  t h e  
four i n c h  dimension a t  r i g h t  ~ n g l e s  t o  t h e  glass front .  
Thle s l i t  should b e  s i x  inches  from t h e  r i g h t  end o f  t h e  box. 
Project a f l a s h l i g h t  to produce a beam of l i g h t  In- 
a i d e  t h o  box wi th  smoke by burn ing  FI small p i e c e  o f  punk o r  
an incense  candle i n s i d e  t h e  box. 
Observation. The path of l i g h t  beam can be seen 
c l e a r l y  as the  fimoke p a r t i c l e s  i n  i t s  path a r e  i l luminated.  
Note t h e  ang le  of t h e  i n c i d e n t  beam and the r e f l e c t e d  beam 
on t h e  degree  c i r c l e  i n  t h e  box. 
Conclusion. The angle  of incidence equals  the  ang le  
of r e f l e c t i o n .  
Demonstration: Law of I l luminat ion  
O b ~ e c t i v e .  To demonstrate how t h e  i n t e n s i t y  of  
i l l u m i n a t i o n  is  a f f e c t e d  by the  d i s t a n c e  from a l i g h t  source, 
Wnter ia l .  A 25 n e t t  lleht source and a 100 w a t t  l i g h t  
eource; a small p h o t a e l e c t r i c  c e l l ;  a l a r g e  demonstration 
t.me ~a lvanorne te r ;  a resistance box; a yard s t i c k ;  f i v e  f e e t  
of # 1 R  muge b e l l  w i r e .  
Method, Connect a 25 w a t t  l i g h t  source t o  a standard 
110 v o l t  c i r c u i t .  Connect i n  s e r i e s  t h e  ~ a l v a n o m e t e r ,  t h e  
resistance box ~ n d  t h e  pho toe lec t r i c  c e l l .  P lace  t h e  photo- 
e l e c t r i o  c e l l  e x ~ c t l y  two f e e t  from t h e  25 w a t t  lamp w i t h  a l l  
t h e  r e s i ~ t a n c e  p l u p  pul led i n  the  r e s i s t s n c e  box. This will 
influre a g a i n s t  h ~ v i n g  too  much cur ren t  in  t h e  galvanometer 
cl.rcu3.t. C ~ r e f u l l y  reduce t h e  amount o f  r a s i e t ~ . n c a  i n  t h e  
c i r c u i t .  Continua t o  reduce t h e  rmsls tance u n t l l  t h e  
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galvanometer need le  r e g i s t e r s  i t s  f u l l  s c a l e .  Note on t h e  
blackboard what t h i s  r e a d i n g  i s  and b r i n g  t o  t h e  a t t e n t i o n  
o f  t h e  s t u d e n t s  t he  p o s i t i o n  of t h e  galvanometer needle .  
NO fv . r ther  change should be made i n  t h e  amount o f  r e s i s t e - n e e  
i n  t h e  c i r c u i t ,  
Now p l a c e  t h e  p h o t o e l e c t r i c  c e l l  e x a c t l y  t h r e e  f e e t  
from t h e  l i g h t  source.  Take n o t e  of t h e  r e a d i n g  on t h e  
galvanometer  ~ n d  t h e  p o e i t i o n  of  t h e  needle. The photo- 
e l e c t r i c  c e l l  should now be placed fou r  f e e t  from t h e  l i g h t  
s o u r c e  a,nd again record t h e  galvanometer reading.  I n  a l i k e  
manner r e p e a t  t h i s  o p e r a t i o n ,  u s ing  t h e  100 w a t t  lamp. Po- 
s l t l o n  the p h o t a e l e c t r i c  c e l l  again a t  two, t h r e e ,  and four 
feet ,  r e c o r d i n g  t h e  galvanometer read ings  each time, 
Observntlon. S tuden t s ,  of course ,  a re  quick t o  
observe t h e  fsct  t h a t  t h e  I n t e n s i t y  of l i g h t  d e c r e a s e s  es 
ona moves away from a l i e h t  source.  They mag n o t ,  however, 
see t h e  mathematical r e l a t i o n s h i v .  This  should bs developed 
by t h e  I n s t r u c t o r .  
Conclu8ion. The  mount of i l l u m i n a t i o n  a t  any p o i n t  
v a r i c n  i n v e r s e l y  w i t h  t h e  square of  t h e  d i s t a n c e  botween the 
l ieht s o u r c e  R F ~  the p o i n t ,  
VI . n E C T R I C I m  AND MAGNETISM 
The P u p i l s  of h igh  school p h y s i c a l  s c i ence  need t o  
become aware of t h e  tremendous In f luence  e l e c t r i c i t y  has on 
t h e  l i v e s  o f  modern man. An adequate  unders tanding can be 
secured o n l y  through a s tudy  of  t h e  f o r c e s  which produce o r  
conve r t  one type  of energy t o  another .  The main emphasis 
be longs  on t h e  u ses  o f  e l e c t r i c i t y ,  
I n  t h i s  u n i t ,  demonstra t ions  w i l l  be  included t h a t  
w i l l  a l low t h e  s t u d e n t  t o  become familiar wi th  t h e  l a w s  
c o n t r o l l i n g  t h e  product ion of  e l e c t r i c 1  ty. Also included 
i n  t h i s  u n i t  i s  a u n i t  informing t h e  s t u d e n t  how t o  make 
magnets and t o  u n d e r s t ~ n d  the laws contro ' l_l ing them, 
IJnderstrsnding how e l e c t r i c i t y  can be t r a n s m i t t e d  and 
c o n t r o l l e d  i n  sirnnle e l e c t r i c  c i r c u i t s  i s  of s p e c i a l  i n t e r e s t  
t o  the s c i e n c e  consumer. Nearly a l l  uses  o f  e l e c t r l c l t p  i n -  
vo lve  t h e  canvers ion  of e l a c t r i c a l  ener_Pp i n t o  some o t h e r  
form of ene rcy ,  such as h e a t ,  l i g h t  o r  sound energy. - 'l''hiff 
u s e f u l  ~ n d  convenient  f a c t  w ~ r r e n t s  s p e c i a l  a t t e n t i o n  i n  
c lassroom a c t i v i t i e s .  
Demonstrat ion:  Product ion of F l e c t r i c i t v  
Objec t ive ,  To demonstrate methods o f  producing 
e l e c t r i c i t y ,  
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Mater ia l s .  Rubber comb, small b i t s  of paper ,  a s t r i p  
of copper f o u r  inches  l ong  and 3/4 Inches w ide ;  a z i n c  s t r i p  
fou r  inches  l o n g  and 3/4 inches  wide; t h r e e  f e e t  o f  #18 be l l  
wire; galvanometer;  d i l u t e  s u l f u r i c  a c i d ;  g l a s s  c o n t a i n e r ;  
c o i l  o f  be3.1 w i r e ;  s t r o n g  horseshoe magnet, 
Method. (1) Comb t h e  h a i r  of a s tuden t  whose h a i r  is 
d ry ,  Try t o  p i c k  up small b i t s  of paper wi th  t h e  comb, 
Again comb t h i s  s t u d e n t ' s  h a i r  and b r i n g  t h e  comb n e a r  a 
metal f a u c e t  o r  r a d i a t o r ,  Observe and l i s t e n  c l o s e l y ,  
( 2 )  Connect an e igh teen  inch  l e n g t h  of w i r e  t o  t h e  
copper  and z i n c  s t r i p s .  Fasten t h e  wi re  from t h e  z i n c  s t r i p  
t o  t h e  negative po le  o f  t h e  galvanometer. The copper s t r i p  
l a  t o  be connected t o  t h e  p o s i t i v e  po le  o f  t h e  galvanometer. 
Touch t h e  p i e c e s  of copper ~ n d  z inc  toge ther ,  Does t h e  meter  
i n d i c a t e  t h a t  t h e r e  i s  en e l e c t r i c  c u r r s n t t  Now d i p  t h e  
a t r i p s  i n t o  g l a a s  c o n t ~ i n i n g  d i l u t e  s u l f u r i c  a c i d ,  Note the  
p o s i t i o n  of  the galvanometer. 
( 3 )  Connect t h e  ends of  a c o i l  of f l e x i b l e  be l l  w i r e  
t o  the demons t ra t ion  tyye  galvanometer, Yove t h i s  c o i l  o f  
Wire between t h e  p o l e s  o f  a s t r o n g  horseshoe magnet. Note 
any p o s i t i o n  chnnqc i n  t h e  needle  of  t h e  galvanometer. Fove 
t h e  c o i l  dawn, Note t h e  d i r e c t i o n  t h e  need le  moves. Wove 
t h e  a011 u ~ w a r d  end no te  t h e  d i r e c t i o n  o f  the galvanometer 
needle .  
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Observation. Electricity i s  produced I n  the  rubber  
comb as it 1s rubbed i n  t h e  h a i r  of t h e  student.  This was 
c l e a r l y  observed by the   park produced between t h e  comb and 
t h e  water fauce t ,  
E l e c t r i c i t y  Is produced when t h e  z inc  and copper 
e l e c t r o d e s  are placed i n  t h e  d i l u t e  s u l f u r i c  acid, 
E l e c t r i c i t y  Is produced a s  a w i r e  i s  passed between 
t h e  po les  of a horueshoe magnet. As t h e  l i n e s  of fo rce  
between t h e  two poles  are broken, a current  o f  e l e c t r i c i t y  
i s  Induced I n t o  t h e  w i r e .  
Conclusion, E l e c t r i c i t y  can be produced by f r i c t i o n ,  
by chemical a c t i o n  o r  mechanically by breaking t h e  l i n e 8  of  
f o r c e  of a wagnet, 
Obleotive,  To demonstrate t h e  ways of producing 
mametiem. To d e a o n ~ t r a t a  t h e  law of the poles, 
Material .  Two strong bar magnets; a five-Inch s e c t i o n  
of  a hack s a w  b lade;  th read ;  a suspension bar ;  a l a r g e  s p i k e  
n a i l ;  2 4 ~  o f  #18 guage b e l l  wire; a d r y  c e l l  b a t t e r y ;  i r o n  
f l l lngff ,  
Method, Tes t  the  hack saw blade by p l ~ c i n g  It jn 
i r o n  f i l i n g s  t o  show t h a t  it has no magnetism. Stroke t he  
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hack s a w  b lade  w i t h  t h e  nor th  polo o f  a bar magnet beginning 
a t  one end and cont inuing t o  t h e  opposfte  en2, Return to 
t h e  s t a r t i n g  pos i t ion  through the  air ,  Repeat twelve t o  
f i f t e e n  t imes ,  Again t e s t  the  magnetism of t h e  hack saw 
blade  by p l a c i n g  i t  i n  t h e  same i r o n  f i l i n g s ,  Tes t  t h e  mag- 
net ism of t h e  sp ike  n a i l  by  p lac ing  it i n  i ron  f i l i n g s .  Now 
Hrap f o r t y  t u r n s  of t h e  b e l l  wire  around the spike.  Connect 
t h e  ends of  t h i s  c o i l  of wire  t o  t h e  terminals  o f  t h e  d r y  
c e l l .  Return t h e  n a i l  t o  t h e  i ron  f i l i n g s  while  cu r ren t  
flows through t h e  e n c i r c l i n g  wire. Observe. 
Suspend a bar magnet from t h e  suspension bar  by means 
of  t h e  thread ,  Bring t h e  nor th  pole of t h e  second b a r  magnet 
n e a r  t h e  nor th  pole  of t h e  suspended magnet. Note t h e  a c t i o n ,  
Now b r i n g  t h e  south pole  of  t h e  secoqd magnet nea r  t h e  n o r t h  
p o l e  o f  t h e  suspended magnet, Note t h e  ac t ion ,  
Obcervation, The hack sew exhibited no magnetism, 
however, when I t  w a s  rubbed w i t h  the p c m ~ n e n t  magnet it 
d e f i n i t e l y  beceme magnetized, for i t  a t t r a c t e d  msny Iron 
f i l lnws .  The n a i l  exhl b i t ed  no mogUet1c p r o p e r t i e s ,  how- 
e v e r ,  as c u r r e n t  flowed through the c o i l  i t  r e a d i l y  picked 
up many i r o n  f l l i n ~ s ,  
As t h e  nor th  end of the  suspended magrlet came near 
t he  nor th  end of t h e  ~ e c o n d  magnet, it turned R W a y  as If 
t r y i n g  t o   void it. 
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A s  t h e  north end of the  suspended magnet csms n e w  
t h e  south end of the  second magnet i t  turned towad  i t ,  a s  
if i t  were a t t r a c t ed .  The two magnets t t e n  s tuck t o  one 
another.  
Concluslon. One can make a magnet by  rubbing a 
~ l e c e  of hard s t e e l  with a permanent magnet, o r  b y  passing 
a cu r r en t  of e l e c t r i c i t y  through a c o i l  of wire around a 
p iece  of s o f t  i ron  core. 
We may s t a t e  t he  l a w  of the  poles as follows: l i k e  
poles  r e p e l ;  unl ike  poles a t t r a c t .  
Demonstration: S l m ~ l e  E l ec t r i c  Ci rcu i t s  
Objective. To demonstrate how s e r i e s  and p a r a l l e l  
c i r c u i t s  d i f f e r ,  
Material .  Four 110-volt e l e c t r i c a l  o u t l e t  sockets ; 
a tumbler erwitch; two 40-watt bulbs; one 100-watt bulb; a 
15  amp, fuse; R p i n e  b a r d  two f e e t  long and e igh t  inches 
w i d e ;  e i g h t  ha l f  inch screws; one burned ou t  bulb. 
Ma thod, 
-- 
G E R I E S  C IRCUIT 
PARALLEL C IRCUJT 
(1) Connect the apparatus as shown f o r  a s e r i e s  
c i r c u i t ,  u s ing  two forty-watt  and one-100 w a t t  bulbs. The 
f u s e  w i l l  a c t  as a s a f e t y  precaut ion i n  case  some e r r o r  Is 
made, Close t h e  switch. Note t h e  appearance of  t h e  bulbs. 
Note which bulbs a r e  b r igh te r .  Unscrew one bulb  and n o t e  
what happens. Unscrew one bulb and rep lace  i t  with a burned 
o u t  bulb,  and observe what happens. 
(2 )  Cnnrect tho  three sockets In p a r a l l e l  as shown 
in t h e  diagram,  using two forty-watt bulbs and one 100-watt 
bulb,  Close t h e  switch,  no t ing  the  sqpearence o f  t h e  bulbs. 
Observe which bulbs a r e  b r i ~ h t e s t ,  Unscrew one bulb end 
observe whet h ~ n n c n ~ .  Unscrew one bulb and r e p l ? c e  I t  wi th  
t h e  burned o u t  bulb and observe what happens, 
Ob8ervation. (1) I n  s e r i e s  a l l  the bulbs w i l l  be 
much diwmer than normal, and t h e  100-watt bulb w i l l  be 
t h e  d i m ~ ~ s t  of  dl. As one bulb i f i  unscrewed, sll bulbs 
e;O ou t ,  As one mod bulb is wplaced w i t h  a burned o u t  
bulb,  ~ l l  l ~ m n e  w i l l  ~o out ,  
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(2) In p a r a l l e l  w i r i n g  a l l  l l g h t s  w i l l  have t h e i r  
norIIIal b r i g h t n e s s .  As OEe bulb  i s  unscrewed, t h e  rernainine; 
b u l b s  w i l l  con t inue  t o  be  l i gh t ed .  A s  a good b u l b  i s  r e -  
p l aced  by a bad bulb,  t h e  remaining bu lbs  w i l l  remain 
l i g h t e d ,  
Conclusion,  P a r a l l e l  c i r c u i t s  have t h e  advantage o f  
g i v i n g  f u l l  power t o  a l l  appl iances  i n  t h e  c i r c u i t ,  As one 
a p p l i a n c e  i s  turned o f f ,  t h e  remaining app l i ances  cont inue  
t o  o p e r a t e  normally.  This  i s  not. t r u e  o f  a s e r i e s  c i r c u i t .  
Demonstrat ion:  Heat ing E f f e c t s  o f  E l e c t r i d b y  
Objec t ive ,  (1) To demonstra te  t he  r e l a t i o n s h i p  betwe- 
en the hea t l ng  effect of an e l e c t r i c  c i r c u i t  and t h e  r e s i s -  
t ance  In t h e  w i r e .  (11) To d e a o n s t r s t e  t h t  t h e  h e s t i n g  
e f f e c t  l nc reaseu  w i t h  t h e  number of amperes of  c u r r e n t  flow- 
 in^ 3 ' 1  t h e  c i r c u i t ,  
P a t e r i a l ,  Two b ind ing  p o s t s ;  t h r e e  d r y  c e l l s ;  
wooden b lock ;  five inches  o f  #30 copper w i re ;  f i v e  inches  
o f  #30 G~rrnsn s i l v e r  w i r e ;  ten  inches  of  #6c_30 copper w i r e ;  
demons t r s t i o n  t.-a ammeter. 
Method, Determine w h e t h e r  t h e  copper o r  t h e  Germen 
a i l v e r  w i r e  has  t h e  g r e a t e r  amount of e l e c t r i c a l  rea1st.ance. 
Thlu can be determined hv p l a c i n g  t h e  copper w i r e  i n  series 
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w i t h  s dry c e l l  nnd t h e  ammeter. Note t h e  amperes of cur- 
r e n t .  Connect t h e  German s i l v e r  w l r e  i n  s e r i e s  w i t h  t h i s  
same d r y  c e l l ,  and d e t e r n i n e  the ampere flow, AS t h e  r e s -  
i s t a n c e  i n  a c l r c u l t  i n c r e a s e s ,  t h e  r a t e  of f low, o r  amperes, 
w i l l  d ec rease .  This w i l l  show t h a t  t h e  German s i l v e r  has  a 
h i g h e r  e l e c t r i c a l  r e s i s t a n c e ,  
P % r t  I. Mount t h e  two b ind ing  p o s t s  e i ~ h t  inches  
a p a r t  on t h e  block of wood. S p l i c e  t h e  f i v e  inch  l e n g t h  o f  
copper w i r e  t o  t h e  f i v e  inch  l eng th  of German s i lver  w i r e ,  
~ n d  connec t  i n  series t o  t h e  two binding  pos t s .  This series 
combination w i l l  i n s u r e  t h a t  t h e  same amount o f  c u r r e n t  w i l l  
f low through each wire. 
P a r t  11. Pass the c u r r e n t  from s s i n g l e  d r y  c e l l  
through the ammeter and t h e  t e n  inch length o f  #30 copper 
wi re .  Now pass t h e  c u r r e n t  from two and then t h r e e  d r y  
 cell^, th roueh  t h e  mmter, and throu* t h e  t e n  inch  l e n g t h  
o f  conper wlre .  Observe the  d i f f e r e n c e  I n  t he  temperature  
07 t h e  wire. 
O b ~ e r v ~ t i o n .  P ~ r t  I. The copner wlre will be w a r m ,  
whereae t h e  Germm e i l v s r  wife  will become red h o t  and w i l l  
then malt .  
P ~ r t  11. AR t h e  current from one d ry  c e l l  nesses 
throueh t h e  t e n  inch l e n g t h  of  copper wi re  I t  becomes warmed. 
The c u r r e n t  from two d r y  c e l l s  oauses it  t o  glow .sed h a t ,  
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w i t h  the  a d d i t l o n  of t h e  t h i r d  d r y  c e l l ,  t h e  tempera ture  
reaches t h e  mel t ing  temperature  o f  copper,  and t h e  w i r e  w i l l  
t h e n  break. 
Conclusion.  The h e a t i n g  e f f e c t  o f  an e l e c t r i c  cur- 
r e n t  i s  g r e a t e r  i n  a w i r e  which has t h e  g r e a t e s t  r e s i s t a n c e .  
We could conclude that increased f r i c t i o n  causes  more h e a t  
t o  be developed.  We a l s o  f ind  t h a t  the  hea t ing  e f f e c t  i n -  
creases w i t h  an increased  amount of c u r r e n t  f lowing i n  the 
c i r c u l  t. 
V I I .  THE PLACE OUR E4RTB OCCTJPIES APlONG 
THE HEAVENLY BODIES 
As s u r e l y  as n i ~ h t  follows d a y  the i n q u i r i n g  mlnds 
o f  h igh schoo l  s t u d e n t s  w i l l  t u r n  t o  t h e  f a c i n a t i n g  q u e s t i o n s  
concern ing  t h e  E s r t h  and t h e  heavenly bodies o f  o u r  un iverse .  
AR 9 r e s u l t  of a d d i t i o n a l  probes i n t o  t h e  c e l e s t r i a l  
sphere new informst ion  w i l l  be  a v a i l a b l e ,  thus  making t h i s  
t o g i n  new ~ n d  r e f r e s h i n g  t o  s tudents .  It I s ,  t h e r e f o r e ,  
o u r  r e s p o n ~ i b i l i t y  t o  make sure t h a t  t h e s e  f u t u r e  "space 
explore ren  are w e l l  grounded In b a s i c  concepts  concern ing  
t h i s  toplo .  
.4 ~Rrnple o f  such u n d e r s t ~ n d i n ~ s  would inc lude :  
1. L e ~ r n  that the sun i s  the  c e n t e r  o f  a Feat s o l ~ r  
system, of  which the  ea r th  i s  b u t  a small part. 
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2, Learn t o  recognize  t h e  main c o n s t e l l ~ t i o n s  of 0 1 2 ~  
sol ts r  system, 
3. unders tand t h e  change of p o s i t i o n  of t h e  e a r t h  w i t h  
r e s p e c t  t o  t h e  sun,  moon and o t h e r  p l a n e t s ,  
4, Become familiar w i t h  the n a t u r a l  events o f  the solar 
system, such as  e c l i p s s s ,  comets, meteors,  t i d e s  
and seasons ,  
5 ,  Understand t h e  p r i n c i p l e  o f  as t ronomical  ins t ruments ,  
6, Unde r f i t~nd  t h e  p r i n c i p l e  of  determining as t ronomica l  
d i s t a n c e s ,  
7, Understand t h e  u n i t s  o f  t ime as r e l a t e d  t o  o u r  
s i d e r e a l  system, 
8, U n d e r s t ~ n d  t h e  p r i n c i p l e s  f o r  de te rmin ing  l a t i t u d e  
and l ong i tude  on t h e  e a r t h t  s sur face ,  
9 ,  Under~tand t h e  l l ~ h t  year  as a u n i t  o f  measure. 
10 ,  Recnenlxe prominent stsrs i n  summer and w i n t e r  skies. 
With t h i u  b ~ c k l o ~  f  u n d b r s t ~ n d i n , ~ ~ ,  newly gathered 
i n f o r m ~ t i o n  w i l l  be r e a d i l y  incorporated i n t o  t h e  s t u d e n t s '  
f i e l d  o f  exper ience ,  
Demonstretion : C ~ u s e  of  t h e  Seasons 
Objec t ive ,  To demonstra te  t h e  causes  o f  seasons. 
M n t e r l ~ l .  Mree globe;  c a r d b o ~ r d  w i t h  p a r a l l e l  l i n e s  
one inch  a p ~ r t  h o r i z o n t n l l y  on t h e  aage. One s i d e  o f  t h e  
C~rdboRrd  should be c u t  i n  Rn Arc s o  it w i l l  f i t  snugly 
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o g a l n s t  t h e  globe;  r i n g  s tand and clamp; f l a s h l i g h t ;  pencn; 
colored c h a l k ;  sC1ssors; kn x 5 .  cardboard with  one-inch 
equare h o l e  In t h e  cen te r ,  
Method. Draw with  t h e  colored chalk the  o u t l i n e  of 
t h e  t r o p i c  of cancer ,  t h e  t r o p i c  o f  c ~ p r i c o r n  and e w t o r  on 
t h e  globe.  Color wi th  cha lk  t h e  p o s i t i o n  of Des Molnes, Iowa, 
and a s p o t  f o u r  inches  no r th  of Des Moines on t h e  globe. Hold 
t h e  g lobe  w i t h  the  a x i s  i n  a v e r t i c a l  pos i t ion .  Mount t h e  
f l a s h l i g h t  t o  t h e  s tand so  it po in t s  d i r e c t l y  a t  t h e  equator.  
Ro ta t e  t h e  g lobe  and hold the  cardboard i n  a v e r t i c a l  p o s i t i o n  
a 0  t h a t  t h e  curved edge passes  over t h e  su r face  of t h e  globe. 
Have t h e  s t u d e n t s  r e l a t e  t o  you t h e  r e s u l t  i f  t h e  sun re- 
volved around t h e  e a r t h  w i t h  t he  a x i s  i n  t h i s  pos i t ion .  
Now tilt t h e  glob? so t h s t  t h e  north  p o l e  i s  t i l t e d  
away from t h e  f l a s h l i g h t  a t  t h e  angle  of 23* degrees  from 
t h e  v e r t i c a l .  AdJust t h e  f l a s h l i g h t  so  i t s  beam fal ls  d i -  
r e c t l y  on t h e  t r o p i c  of  capr icorn ,  Hold the  cmdboard as 
b e f o r e ,  and p l a c e  t h e  c e n t e r  l i n e  on t h e  t r o p i c  of  c s p r i -  
Corn. Assume t h a t  each s ~ ~ c e  i n  t h e  cardboard between any 
*o l i n e s  r e p r e s e n t s  t e n  l l ~ h t  rRgs from t h e  sun. Count the 
l l p h t  ray8 t h a t  would u t r i k e  tht  b ~ r t  o f  t h e  q lobe  between 
t h e  two o h ~ l k  m ~ r k s  (Dea Hoines and a b o s i t i o n  i n  Canada 
f o ~  Inches  north o f  Des  Foines on t h e  globe.) Note a l s o  
t h o  ~ n t l e  of' t h e  rnys t h ~ t  s t r l k e  ou r  area when t h e  f l a s h -  
l i g h t  1s o v e r  t h e  t r o p i c  o f  capr icorn ,  
Now move t h e  g lobe  i n  a counter-clockwise d i r e c t i o n  
one q u a r t e r  of a r e v o l u t i o n  around t h e  f l a s h l i g h t ,  keeping 
t h e  axis p o i n t i n g  t o w a r d  t h e  n o r t h  star, Turn t h e  f l a s h -  
l i g h t  s o  I ts  beam fa l l s  on t h e  equa tor .  What d a t e  does  t h i s  
p o s i t i o n  r e p r e s e n t ?  Hold t h e  c e n t e r  l i n e  on t h e  equator .  
Count t h e  l i g h t  r a y s  t h a t  would s t r i k e  t h a t  p a r t  o f  t h e  
g l o b e  between t h e  two cha lk  marks, Note a l s o  t h e  s l a n t  of  
t h e  r a y s  t h a t  s t r i k e  D e s  Moines f o r  t h i s  da t e ,  
Move t h e  g lobe  ano the r  q u a r t e r  of  a r e v o l u t i o n  and 
r o t a t e  t h e  f l a s h l i g h t .  B e  s u r e  t h e  a x i s  s t i l l  p o i n t s  t o  
t h e  n o r t h  s t ~ r .  Turn t h e  f l a s h l i g h t ,  Where does  t h e  beam 
now f a l l ?  What d a t e  Is  t h i s ?  Count t h e  l i g h t  r a y s  t h a t  would 
s t r i k e  t h e  area between Dee Moines and four  inches  n o r t h  o f  
Des Moines on t h e  globe,   not^ a l s o  t h e  s l a n t  of  t h e  r a y s  t h a t  
would ~ t r l k e  t h e  Des floines area. 
>Text, move t h e  g lobe  another  q u a r t e r  o f  a r e v o l u t i o n  
and r o t s t a  t h e  f l a s h l i g h t ,  Where does t h e  beam f a l l ?  mat 
d a t e  doau t h i s  r e p r e s e n t ?  Which previous  p o s i t i o n  gave the  
O b ~ e r v a t i o n ~  The t h r e e  causes  we discovered t h a t  are 
r e s p o n s i b l e  f o r  the  v ~ r i a t i o n  i n  t h e  h e a t  and l i s h t  raps 
d u r i n g  t h e  y e a r  are: (1) t h e  angle t h a t  t h e  r a y s  s t r i k e  t h e  
F ~ r t h ;  ( 2 )  t h e  number o f  rngs t h e t  s t r l k e  t h e  EBrth; ( 3 )  t h e  
intensity of  t h e  r a y s  t h a t  s t r l k e  t h e  Earth. 
Conclusion. The changes o f  seasons r e s u l t  from 
varying amounts o f  h e a t  received by a r e a s  of  t h e  E a r t h ' s  
s u r f a c e  as t h e  Ear th  r evo lves  about  t he  sun w i t h  i t s  axis 
always p o i n t i n g  toward t h e  n o r t h  star, 
Demonstrat ion:  C o n s t e l l a t i o n s  
Object ive .  To t e a c h  s t u d e n t s  t o  recognize  t h e  
common o o n a t e l l a t l o n s .  
Materials. A a l i d e  p r o j e c t o r ;  small p i e c e s  o f  b l ack  
c o n s t r u c t i o n  pape r ;  blackboard chalk.  
Method, Cut p i e c e s  o f  b lack cons t ruc t ion  paper t o  
f i t  t h e  s l i d e  h o l d e r  o f  t h e  s l i d e  p roJec to r .  Punch small 
hales I n  t h e  shape o f  t h e  c o n s t e l l a t i o n s  be ing  i l l u s t r a t e d ,  
Fach h o l e  w i l l  r e p r e s e n t  a star I n  t h e  c o n s t e l l a t i o n .  The 
ho le s  I n  t h e  peper w i l l  act as a l i g h t  source  when pleced 
i n  the p r o j e c t o r .  These s p o t s  o f  l i g h t  can then be pro- 
j ec t ed  o n t o  t h e  bleckbosm3. S tudents  can connect  these 
s p o t s  of l i p h t  w i t h  c h a l k  i n  order t o  b e t t e r  v i s u p l l z e  the 
c o n s t e l l ~ t l o n s .  
Conclusion, T e s t  t h e  ~ t u d ~ n t 6  i n  a p r s c t i c a l  Nay by 
projrotln~ R ~ s r i c a  of ten o o n s t e l l ~ t i o n s  on t h e  blp.ckbomd 
And hnvc the ~ t u d e n t , ~  r a c ~ l l  them f o r  Rn examinetien. 
à ern on strati on: Telescopes 
ObJect lve .  To demonstra te  how a simple r e f r a c t l n g  
t e l e s c o p e  can  be cons t ruc ted .  
Materials. Yard s t i c k ;  2 l e n s  ho lders ;  one double 
convex l e n s  w i t h  a f o c a l  l e n g t h  of  about  1 2  inches ;  one 
double  convex l e n s  w i th  a f o c a l  l e n g t h  of  about  two inches ;  
a small c a n d l e ;  a cardboard screen.  
Method. Clamp t h e  l e n s  i n  t h e  l e n s  ho lde r  and p l a c e  
t h e  h o l d e r  on t h e  yard s t i c k  a t  the 18" mark. P l a c e  t h e  
card.board s c r e e n  near t h e  s i x  inch mark on t h e  yard s t i c k .  
P o i n t  t h e  meter  s t i c k  toward some d i s t a n t  o b j e c t .  Nove t h e  
screen along the yerd stick u n t i l  a ~ o s i t i o n  i s  found where 
t h e  1mng;e o f  t h e  d i s t a n t  o b j e c t  i s  z s  n e a r l y  i n  focus as 
y e f l h b l c .  The d i s t a n c e  btrreen t h e  l e n s  and t h e  s c reen  i s  
t h e  f o c n l  l e n p t h  of t h e  l ens .  In  t h e  same way, dete rmine  
t h e  f o c ~ l  1enpt.h o f  t h e  second lenr;. Add the  f o c a l  l e n g t h  
o T  t h e  aecond l e n s ,  i.e., 1 Z R  ~ l u s  6~ equa ls  l S H .  Fount 
t h e  t w o  l e n ~ e s  on t h e  yard s t l c k  1P"part and t u r n  t h e  meter  
s t i c k  to the  window and observe. 
O b ~ a r v ~ t i o n ,  @ne w i l l  n o t e  t h % t  the  l e n ~  of ths 
f i ho r t e r  f o c ~ l  e n g t h  w i l l  magnify t h e  r e a l  l m ~ g e  wmduced by 
t h e  l e n s  w i t h  t h e  l o n ~ e r  f o c a l  l eng th .  
66 
Conclusion. AQ o b j e c t  can be magnified by p lac ing  
two l e n s e s  between you and the objec t .  The l enses  must be 
separated from each o t h e r  with a d i s t a n c e  equal t o  the  sum 
of the  two f o c a l  lengths ,  This technique I. u t i l i z e d  i n  
conu t ruc t ing  r e f r a c t i n g  te lescopes,  
Demonstration: Color I d e n t i f  i ca t ion  of  Elements 
Objective.  To demonstrate t h e  p r i n c i p l e  used b y  
astronomers t o  determine t h e  composition of s t a r s ,  
Mater ial .  Clean platinum o r  nicrome wire;  salts of 
calcium, sodium, copper, coba l t ,  potassium; d i s t i l l e d  water ;  
sandpaper; buns en burner.  
Method, Fois ten t h e  c lean  wire  i n  d i s t i l l e d  water 
~ n d  i p  i t  i n t o  t h e  calcium salt .  Hold the wire  on which 
the eodium s ~ l t  IF clinging i n  t h e  edge of  t h e  hot bunsen 
burner flame. Observe t h e  color .  Clem the  wire, and pro- 
c e ~ d  i n  a l i k e  manner us in^ each of the  remaining s a l t s .  
O b s e r v ~ t i o n ,  The c p l c i u t ~  s ~ l t  produces a b r i c k  red 
c o l o r ;  sodii~rn, yellow; pylc  v i o l e t ;  copper, p e e n ;  c o b a l t ,  
B c A I . ~ ~ ~ ,  
Conclusion g e n e r ~ l i e ~ t  ion t o  b~ devt?l@~ed t h r o u ~ h  
0 1 % ~ ~  d i a a u ~ a l a n ,  F ~ c h  o f  the  elements gives o f f  I t s  o m  - 
C o m b l n ~ t i o n ~  of  oo la r  when h e ~ t e d  s u f f i c i e n t l y .  Astronamrs 
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have  made u s e  of  t h i s  p r i n c i p l e  i n  i d e n t i f y i n g  t h e  corn- 
p o s i t i o n  o f  heavenly bodies.  This i s  p o s s l b l e  because of  
an in s t rumen t  c a l l e d  a spec t roscope ,  by which t h e  composit ion 
of unknown o b j e c t s  can be determlned by t h e l r  co lo r .  Be- 
cause  t h e  sun  sand stars p r e  h o t ,  t h e i r  composition can be 
determined.  
V I I I ,  WEATHER 
The weather  Is undoubtedly t h e  most c o n s t a n t  s u b j e c t  
o f  conve r sa t ion .  E i t h e r  man I s  so  unimaginat ive  t h a t  he 
h w  d i f f l c u l t g  exp res s ing  o r i g i n a l  thoughts o r  he Is conscious-  
l y  o r  unconsc ious ly  concerned about  h i s  own we l l  be ing  and 
comfort  i n  h i s  ever-changing environment, t h e  atmosphere. 
The o ld  c l i c h c  t h s t  everyone t a l k s  about  t h e  wea ther ,  
but no one  doe^ m y t h i n g  about  I t  may n o t  always be t r u e .  
N e w  f r o n t i e r 6  R r e  openlnc f o r  t h e  sc . i en t1s t  o f  t h e  f u t u r e  I n  
t h e  e r e n  o f  r n e t e r o l o a .  We rnay, perhaps ,  be ~ b l e  t o  c o n t r o l  
ou r  weether  environment more completely,  o r  a t  l e a s t  avoid 
c o s t l y  d i s ~ s t e r s  throueh a d e q u ~ t e  werning eystem. 
M e t e r o l o ~ y  hes  ~ d v a n c e d  rapid ly  throuch t h e  uRe and 
ref lnement o f  me t e r o l o g l c a l   instrument^. In t h i s  u n i t ,  the 
o v e r n l l  p 0 ~ 1  - w i l l  be t o  e n ~ b l e  s t u d e n t s  t o  understsand p r i n -  
clplcls  of these mensurinp d e r i c e e  ~ n d  to r e c @ l P i z e  t h e  
Ulppi f icnnce  of  their r c s d i n p ~ .  
Demonstration: Atmospheric Pressure  
Obdective. To understand what a f f e c t s  t h e  he ight  
of t h e  mercury i n  a barometer tube, 
Mater ials .  Ring s t snd ;  t e s t  tube holder;  t e s t  tube; 
36* barometer tube;  a s h o r t  p iece  of glass tubing  bent to 
form a r i g h t  ang le ;  a two-foot length  of rub'ber tubing;  one 
pound o f  mercury; vacuum pump, if ava i l ab le ,  
Method. I n s e r t  t h e  empty barometer tube and bent  
g l a s s  t u b i n g  i n  a two-hole stopper.  Adjust the  pos i t ion  o f  
t h e  stopper so  t h a t  t h e  barometer tube reaches t h e  bottom 
of  t h e  t e s t  t u b e  when t h e  s t o p ~ e r  i s  pressed down t i g h t l y ,  
Now, remove t h e  s t o ~ ~ e r  from the t es t  tube and f i l l  t h e  
bmometer tube  w i t h  mercury using a medicine dropper. I n v e r t  
t h e  t e s t  tube  over  t h e  open end of t h e  barometer tube  and 
puah t h e   topper i n t o  it. Inver t  the  two tubes and s u p ~ r t  
them i n  t h e  t e s t  tube holder  t h ~ t  i s  attached t o  the  r i n g  
fitand. B r i n g  t o  t h e  a t t e n t i o n  of t h e  s tudents  the  f a c t  t h a t  
the mercury no longer f i l l s  t h e  361 barometer tube. Ask 
why t h e  mercury does no t  run out  of t h e  bsrometer tube, 
Connect t h e  p iece  o f  rubber tubing t o  t h e  end of t h e  
bent  p i e c e  o f  g l a s ~  and drRw sir out  o f  the  t e s t  tube w i t h  
a vRcuum Dump, o r  your mouth (Mercury js a poison, so  mske 
s u r e  t h e t  none e n t e r s  t h e  mouth). Ask the s tuden t s  t o  ex- 
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p la in  why t h e  l e v e l  of mercury i n  t h e  barometer was lowered. 
~ l l o w  a i r  t o  r e t u r n  I n t o  t h e  tes t  tube  and watch t h e  b ~ o -  
me te r  l e v e l .  Blow a i r  i n t o  t h e  t e s t  tube  and n o t  t h e  e f f e c t .  
1f a vacuum pump i s  a v a i l a b l e ,  connect  i t  t o  t h e  rubber  
t u b i n g  and e x b u s t  t h e  ~ l r  f om t h e  test  tube, 
Observat ion.  An i n c r e a s e  I n  atmospheric p r e s s u r e  
causes  t h e  barometer  l e v e l  t o  increase .  A dec rease  i n  
a tmospher ic  p r e s s u r e  caused t h e  barometer l e v e l  t o  fa l l .  
Conclusion.  Cold a i r  and/or air wi th  very  low hurid-  
i t y  i s  heavy air ,  and w i l l  r e s u l t  i n  increased barometr ic  
p re s su re .  Warm air and/or a i r  wi th  t h e  high w ~ t e r  con ten t  
i s  l i g h t  a i r  and w i l l  r e s u l t  i n  a low barometr ic  p re s su re ,  
3seed a n  t h e s e  u n d e r s t a n d i n ~ s ,  t h e r e f o r e ,  weather 
f o r e c a s t - r e  undars tnnd t h ~ t  a r i s i n g  b ~ r o m e t e r  shows t h a t  
t h e  d e n s l t y  o f  t h e  a i r  IG I.ncrensing, R r i s i n g  barometer 
i n d i c ~ t e s  f ~ i r  o r  c l e a r i n g  weather,  e. r a p i d l y  f a l l i n g  baro- 
meter Indicates  an a p ~ r o a c h i n r  storm, continued h i ~ h  baro- 
m e t r i c  n r e e e u r e  l n d i c ~ t a s  s t e s d p ,  f a i r  weather. 
Demons t r ~ t i o n :  H y ~ o m e t e r  
0b; lect iva .  To darnanfitrate t h e  method o f  d e t s r n l n i n g  
F ~ ~ R ~ I V P  humid 1ty .  
M s t e r l ~ l a ,  I)ro F ~ h r a n h e i t  thermometers ; f ive-inch 
a t r i p  o f  r r n ~ ~ l i n ;  t h r ~ ~ d ;  emn11 conMine r  o f  w ~ t e r  ~t room 
t empera tu re ;  small e l e c t r i c  o r  a hand fen. 
Method. Wrap one end of t h e  muslin s t r i p  around 
t h e  bulb o f  t h o  thermometer and t i e  i t  secu re ly  with t h e  
thread.  P l a c e  t h e  o t h e r  end of t h e  muslin i n t o  t h e  con- 
t a i n e r  of  wa te r .  C~plllary a c t i o n  will ca r ry  wate r  f'rom 
t h e  c o n t a i n e r  t o  t h e  bu lb  of  t h e  thermometer. Support  t h e  
therf lameters  i n  a ~ e r t i c l e  p o s i t i o n .  Reed both t h e r ~ o m e t e r s  
and place t h s ~ e  r e s d i n g s  on t h e  blackboard where a11  gay 
see. 
P l a c e  t h e  small e l e c t r i c  fan i n  f r o n t  o f  both  t he r -  
mometers snd t u r n  the fan on. Af t e r  a f e w  minutes, r e d  
bo th  thermometers and record  t h e  read ings  on t h e  blackboerd- 
O b ~ ~ r v s t i o n .  The r e s d i n g  of t h e  wet b u l b  t.hermoaeter 
w i l l  be s e v e r ~ l  d e p a e s  lower than t h e  d ry  bulb  thermometer. 
Observe a r - l n t i v e  h u ~ i d i t y  t e b l e  to  C s t ~ r m i n e  t k e  r e l a t i v e  
humidity of t h e  a i r .  
Conclufilon . E v s p o r ~ t i o n  of water causes coo l ing  of 
t h e  wet  bulb, Fore evnpor~ l t i on  w i l l  occur  If t h e  a i r  i s  
dry*  Thif i  w i l l  resrtlt i n  much deoressed wet b u l b  read ings ,  
R e l n t i v r  humidi ty  IR the r p t i o  between t h e  ~llncrunt o f  vanor 
i n  t h e  n i r  ~t Rny one t?rra rind t h e  fllnount t h e  ~ i r  could 
C a n t ~ i n  if i t  w e F r  ~ ~ t u r n t c d  with  w ~ t e r  vanor. 
Demons t r a t t o n :  Dew Poin t Apparatus 
0 b J e c t i v  e ,  To demonstrate t h e  method of determining 
t h e  dew p o i n t .  
Material. Dew p o i n t  appara tus ;  small conta iner  of 
motor e t h e r .  
Method. *ill t h e  dew po in t  apparatus cup ha l f  f u l l  
of motor e t h e r .  R e p l ~ c e  t h e  cork s topper  conta in ing  t h e  
thermometer, t h e  o u t l e t  tube,  and t h e  a s p i r a t a r  tube. m e  
b u l b  o f  t h e  thermometer must be  completely submerged i n  t h e  
e ther .  Squeeze t h e  a s p i r a t o r  bulb. The sir pass ing  over  
t h e  e t h e r  w i l l  i n c r e a s e  t h e  r a t e  of  evaporation.  Watch t h e  
surface o f  t h e  CUD. R e ~ d  t h e  thermometer as soon as a l i g h t  
f l l m  of mois ture  forms on t h e  cup. Stop squeezing the  as- 
p i r a t o r ,  A l l o w  t h e  c o n t ~ l n e r  to warm b y  ga in ing  h e a t  from 
t h e  n i r ,  Note t h e  t emera t .~ i ?e  at which t h e  moisture disap-  
pears. 
C b s ~ r v s t . i o n ,  Tba temperature when moisture forms i s  
added t o  t h e  ternper~tilre when moisture disappears .  
C o n o l u ~ i o n ~  The dew po in t  i s  t h e  a v s r a p  of these 
two tamnars tures .  T h e  temperature nt which the  moisture i n  
t h e  air bsfl ins t o  condan8e 1~ cal led  t h e  dew poin t .  Fefcre 
P ~ ~ C i p l t ~ t i o ~  of any kind cen occur ,  the ~ l r  must be c o o l 4  
below t h a  dew p o i n t ,  
o b j e c t i v e .  To demonstra te  how a thermometer shows 
changes i n  t emnera tures .  To understand how t h e  f lxed  p o i n t s  
of a thermometer are determined,  
Materials. 500 m l .  f lask; potsssl.:im permansanate 
crystals ; b u n s e ~  bu rne r ;  r i n g s  tand and r i n g ;  wire gauze; 
18" l e n f l h  o f  g l a s s  t u b i n g ;  one-hole rubber  s topge r ;  cracked ' 
i c e ;  b o i l i n s  w a t e r ;  s t r i p  o f  paper l o u  long  and 1" wide, 
Method. P l a c e  t h e  potassium permanganate c r y s t a l s  
i n  t h e  f lask .  F i l l  t h e  f l a s k  wi th  water and mix u n t i l  t h e  
PO t ~ s ~ i u m  permanganate c r y s t a l s  impar t  a uniform c o l o r  t o  
t h e  water. I n e e r t  t h e  e igh teen  inch  glass t u b s  i n  the 
ruhber  6 t o p p r .  Press t h e  s t o ~ p e r  down i n  t h e  mouth o f  t h e  
f l a ~ k  u n t i l  t h e  c o l o r &  water shows above t h e  cork. Con- 
n ~ c t  h e  s t r l ~  of naper on t h e  beck s i d e  o f  t h e  tube to 
prov ide  a whi te ,  b a c k ~ o u n d .  Merk the p o s i t i o n  of t h e  wate r  
on t b i e  a t r i o  o t  oa3er w i t h  red ink.  P l sce  t.he flssk ovsr  
t h r  b i m g ~ n  burner erd n o t e  t h e  chanre In t h e  l e v e l  o f  t h e  
l l q u l 4  i n  the ~ 1 q s g  tube .  Allow t h e  f l a s k  t o  coo l  ~ n d  ~ g e l n  
n o t e  the g o ~ i t i o n  of  t h e  l i a u i d  jn t h e  tube. 
F i l l  R ~ 1 9 ~ 1 9  beaker w i t h  f i n e l y  crpcked i c e .  Plede 
t h e  thermometer i n  t h e  ice mlxtlrre so t h s t  t h e  zero  msrk 
Just fihowS, W ~ t c h  t h e  t h e r r n o r n ~ t ~ r  unttl it f q l l s  t o  i t s  
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lowest t empera tu re .  Heat some wa te r  i n  a beaker u n t i l  i t  
boils. P l a c e  t h e  b u l b  i n  t h e  b o i l i n g  water ,  Observe the  
mercury column and r eco rd  the h i g h e s t  reading.  
~ b s e r v a t l o n .  A s  t h e  f l a s k  i s  heated, t h e  water  r i s e s  
t o  fill more o f  t h e  t ube ;  as t h e  f l z s k  cools  t h e  wate r  l e v e l  
d rops  i n  t h e  tube.  A t empera ture  of  3 2 0 ~  was rec0rd.M f o r  
t h e  c r ~ c k e d  ics. The thermometer r o s e  t o  2120F when p l s c d  
i n  t h e  b o i l i n g  water. 
Conclusion,  The f a c t  t h a t  l i q u i d s  expand when heated 
~ n d  co r l t r ac t  when cooled make It p o s s i b l e  f o r  them t o  b e  
used I n  a thermometer. Mercury Is o f t e n  used because mer- 
cury  has a h i g h  b o i l i n g  p o i n t .  Alcohol i s  used I n  ther- 
mom~tprs  f o r  recolr31n~ low t ~ n y e r ~ i t u r e s  becsuse It has s 
l a w  freezing tevper~ture, 
The f lxed p o i n t s  used I n  o ~ l s b m t i n g  a thermometer 
are t h e  m e l t i n g  t empera tu re  of  ice and the b o i l i n g  t e q e r a t u r e .  
of  wnt3r .  
CHAPTER I11 
SITMM AR Y 
E d u c a t o r s  are  c o n s t a n t l y  t r y i n g  t o  a d a p t  c u r r i c u l a  
c o n t e n t  t o  t h e  needfi o f  t h e  i n d i v i d u a l  s t u d e n t ,  
~t has  been 
i n  t h e  area o f  s c i e n c e  t h a t  a l l  s t u d e n t s  canno t  
b e n e f i t  e q u s l l y  from c o l l e g e  p r e p a r a t o r y  p h y s i c s  and chemis t ry  
c o u r s e s .  T h e r e  are s t u d e n t s  who s r e  i n c a p a b l e  o f  knowing 
even a small d e g r e e  of  s u c c e s s  i n  such  a c o u r s e ,  ~t is 
i m p o r t a n t  t h a t  t h e  n e e d s  o f  these s tuden+,s  be met by pro-  
v i d i n g  a p h y s i c a l  s c i e n c e  c o u r s e  c o n t a i n i n g  fundamental  p r i n -  
c i p l e s  and u n d e r s t a n d i n g  c o n c e r n i n g  t h e i r  environment,  
Such a c o u r s e  would be developed w i t h i n  t h e i r  aca- 
damla l i w i t ~ t l o n ~ ,  but it would e n r i c h  t h e i r  l i v e s  by satis- 
f y i n p  n s t u r ~ l  i n t e r e s t s ,  
C a r e f u l l y  e e l e c t e d  d s m o n ~ t r ~ t i o n ~  a u ~ e n t  R c o u r s e  of 
s t u d y  by p r o v i d i n g  eanaual e x p e r i e n c e s  I l l u s t r a t i n g  ~ r l n c i p l e s  
involved.  They may be t h e  r n l s ~ i n g  l i n k  needed t o  b r i r l ~  ab- 
s t rac t  l d a ~ s  w i t h i n  t h e  s t u d e n t s '  u n d e r s t s n d l n s .  O r ,  t h e y  
may be t h e  e x p e r i e n c e  by which a s t u d e n t  r e c s l l a  n r e v l o u s l y  
l*srn*d s c i e n t i f i c  ~ r i n c i o l e s  and R D Q ~ ~ .  them t o  h i s  e n v i r o r -  
men t . 
It wsrr t h e  nurpose of t h i s  s t u d y  t o  prepRre  d i r e c t i o n s  
f o r  'Key T e ~ c h ~ r  D a r n o n ~ t r ~ t l o n s A  for 8 h i g h  s c h o o l  p h y s i c ~ l  
R c i ~ n c a  ccrurRtq, A t o t n l  of t h i r t y - t w o  demons t ra t ions  were 
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included - four  for  each of' t h e  e i g h t  Units o f  the  couyse. 
For the purPoseP of  t h i ~  project, t h e  physical  science 
was divided i n t o  eight u n i t s  of study. The e l & t  
u n i t s  of  study were: 
1. The Atrnos~here 
2. W~ter and Its Uses 
3. Sound 
4. The S o u r c e s  and Control of Heat 
5 .  Our IJse and Control o f  Light 
6. E l e c t r i c i t y  and Magnetism 
7. The Place Our E n r t h  Occupies Among t h e  Heavenly 
Rod ies 
8. Weather 
Four d e m o n s t r ~ t i o n s  have been included f o r  each of  
t h e  a i e t  u n i t s ,  Esch demonatra t ion includes:  (1) The 
o b J e c t i v s s  of t h e  demons t r a t ion ;  ( 2 )  The rn~terials need& f o r  
t h e  demons t r a t ion ;  ( 3 )  The method of n r e s e n t l n g  t h e  dcmn- 
s t r ~ t i o n ;  ( 4 )  The conclusions o r  ~ o n e r a l l z a t i o n s  t h a t  should 
be d e v t l o p ~ d  throuph d i s c u ~ s l o n  of t h e  demonstrat ion;  ( 5 )  
l"h9 o b ~ e r v ~ t l o n s  s tudents  woultl  most l i k e l y  be ~ b l e  t o  m k a .  
I t  IR honed t h a t  t h i a  r e source  booklet w i l l  pmvide 
9 BOUrC* o f  c ~ t r ~ f u 1 I y   elected ~ n r l  t e s t e d  demonstr~t!ons  f o r  
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